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Forty-four  miles  of  Interstate  Route  70  are  in  use  in  western  Kansas,  crossing 
the  high-plains  wheat  country.  Kansas  Route  23E  crosses  to  Grainfield  in 
the  foreground.  In  the  middle  distance  twin  safety  rest  areas  flank  1-70. 
(^Photograph  taken  before  completion  of  construction.^ 


HIGHWAY  PROGRESS,  1962 

ANNUAL  REPORT  OF  THE  BUREAU  OF  PUBLIC  ROADS 

Summary  Review   of  the   Fiscal   Year 

The  fiscal  year  1962  (July  1,  1961-June  30,  1962)  saw  continued  progress 
in  the  vast  nationwide  liighway  improvement  program  launched  by  the  Federal- 
Aid  Highway  Act  of  1956  and  importantly  bolstered  by  the  Federal- Aid  Highway 
Act  of  1961.  Accomplishments  under  the  Federal-aid  program  were  good  in 
fiscal  year  1962,  maintaining  about  the  same  level  as  that  attained  in  1961. 

Federal-aid  funds  obligated  during  fiscal  year  1962  for  surveys  and  plans, 
right-of-way  acquisition,  and  construction  totaled  $3,034  billion. 

Progress  on  the  41,000-mile  Interstate  System  continued  to  be  the  center  of 
public  interest.  During  the  year  1,725  miles  of  the  system  were  opened  to  traflic. 
At  the  end  of  the  year  12,550  miles  were  in  use,  of  which  7,225  miles  were 
completed  to  standards  needed  for  fully  serving  traflic  in  1975.  In  addition, 
4,801  miles  were  under  construction.  Motorists  and  truckers  across  the  Nation 
were  experiencing  the  great  advantages  of  these  controlled-access  freeways. 
Industrial,  commercial,  and  residential  development  was  being  attracted  to 
locations  adjacent  to  the  Interstate  right-of-way. 

Improvements  were  completed  during  the  year  on  18,375  miles  of  main  high- 
ways, arterial  streets,  and  secondary  roads  included  in  the  Federal-aid  primary 
and  secondary  systems  and  their  urban  extensions  (excluding  the  Interstate 
System  improvements) .  This  so-called  Federal-aid  ABC  program  had  its  modest 
beginning  in  1917. 

Highway  use 

Highway  use  continued  to  break  past  records.  Motor-vehicle  registrations 
totaled  75.8  million  in  calendar  year  1961  and  were  expected  to  reach  78.6  million 
in  1962,  an  increase  of  3.7  percent.  Travel  on  all  roads  and  streets  was  estimated 
at  737.5  billion  vehicle-miles  in  1961  and  was  forecast  to  reach  767  billion  in 
1962,  a  gain  of  4.1  percent. 

Total  mileage  of  all  roads  and  streets  in  the  United  States,  3.6  million  miles, 
was  no  longer  growing  extensively,  but  great  strides  were  being  made  in 
improving  their  quality,  capacity,  and  safety. 

Total  expenditures  by  all  levels  of  government  on  all  roads  and  streets — for 
capital  outlay,  maintenance,  highway  police,  administration,  and  interest  on 
highway  debt — were  estimated  at  $11.2  billion  in  the  calendar  year  1961  and  were 
expected  to  total  $12.0  billion  in  1962.  Capital  outlay  alone — for  engineering, 
right-of-way,  and  construction — was  estimated  at  $6.7  billion  in  calendar  year 
1961  and  $7.3  billion  in  1962.  Of  these  improvement  outlays,  construction 
accounted  for  $5.1  billion  in  1961  and  $5.6  billion  in  1962. 


Accomplishments  of  the  year 

During  fiscal  year  1962,  projects  were  programed  in  the  Fecleral-aid  and 
Federal  highway  programs  for  tlie  construction  of  24,259  miles  of  improvements. 
Contracts  were  awarded  during  the  year  for  improvements  to  24,566  miles  of 
roads  and  streets.  Construction  put  in  phace  during  the  year  involved  $2,864 
billion  of  Federal  funds. 

Completions  of  all  classes  of  Federal-aid  and  Federal  projects  during  the 
fiscal  year  provided  improvements  on  23,211  miles  of  roads  and  streets.  Included 
were  21,046  miles  of  highways  and  5,768  bridges  on  the  Federal-aid  systems  and 
2,165  miles  of  roads  in  national  forests,  pai'ks,  and  parkways  and  on  flood-relief 
and  access-road  projects. 

Hazards  at  railway-highway  grade  crossings  Avere  removed  during  the  year 
by  elimination  of  431  grade  crossings,  reconstruction  of  46  inadequate  grade- 
separation  structures,  and  protection  of  380  crossings  by  installation  of  flashing 
lights  or  other  safety  devices.  These  figures  include  the  separation  or  protection 
of  crossings  encountered  on  new  highway  locations. 

The  linear  mileage  of  highway  improvements  completed  is  not  a  full  measure 
of  the  facilities  provided  for  trafiic.  Capacity  and  safety  and  riding  quality 
are  all  improved  by  application  of  the  knowledge  gained  by  experience,  observa- 
tion, research,  and  development.  More  and  more  highways  were  constructed 
with  better  alinement,  flatter  curves  and  grades,  and  smoother  and  wider  pave- 
ments. Not  only  the  Interstate  but  many  other  Federal-aid  projects  completed 
during  the  year  had  access  control,  planned  interchanges,  and  other  freeway 
features. 

Many  of  these  projects  were  built  four  or  more  lanes  wide,  replacing  old  roads 
vs'ith  only  two  lanes.  The  21,046  miles  of  Federal-aid  projects  completed  during 
the  fiscal  year  1962  included  3,724  miles  of  4-lane  highways  and  300  miles  having 
6  lanes  or  more.  Thus  the  year's  Federal-aid  project  completions  provided  the 
equivalent  of  50,739  miles  of  single-lane  construction. 

At  the  end  of  the  fiscal  year,  construction  was  underway  or  plans  had  been 
approved,  in  the  Federal-aid  program,  for  improvements  on  31,316  miles  of  roads 
and  streets.  Included  were  construction  of  11,165  bridges  and  the  elimination, 
reconstruction,  or  protection  of  1,522  railway-highway  crossings.  The  estimated 
cost  of  this  work  was  $10.4  billion,  of  which  $7.7  billion  was  Federal  aid. 

In  addition,  at  the  close  of  the  year,  the  programs  for  construction  of  national 
forest,  park,  and  public  lands  highways,  defense-access  roads,  and  flood-damaged 
roads  and  bridges  included  improvements  underway  on  3,211  miles,  at  a  total 
estimated  cost  of  $170  million  including  $160  million  of  Federal  funds. 

Accomplishments  of  the  year  on  the  several  Federal-aid  systems  and  in  the 
Federal  lands  highway  programs,  and  detailed  information  on  other  subjects,  will 
be  found  in  individual  presentations  in  other  sections  of  this  report.  Supporting 
statistics,  both  in  summary  and  detail,  appear  in  the  appendix  tables. 

Federal-aid  apportionments 

Apportionment  of  the  $3,325  billion  of  Federal-aid  funds  authorized  for  fiscal 
year  1963  was  made  to  the  States  on  August  17  and  October  10,  1961.  The  total 
of  Federal-aid  funds  apportioned  since  passage  of  the  1956  act,  which  launched 
the  accelerated  highway  program,  was  thus  brought  to  $19.7  billion. 

The  August  17  apportionment  included  all  of  the  $2.4  billion  authorized  for 
the  Interstate  System  for  fiscal  year  1963,  and  $693.75  million  of  the  $925  million 
authorized  for  the  Federal-aid  primary  and  secondary  systems  and  their  urban 
extensions  (the  so-called  ABC  program).  Because  post  road  mileage  (rural 
delivery  and  star  routes)  is  one  of  the  elements  involved  in  apportioning  ABC 
funds  among  the  States,  and  June  30,  1961,  figures  were  not  available  in  time, 
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The  Capital  Avenue  interchange  on  Interstate  Route  45,  adjacent  to  downtown 
Houston,  Tex.      (The  viaduct  at  the  left  was  not  yet  open  to  traffic.) 


only  75  percent  of  the  authorized  ABC  funds  were  apportioned  on  August  17. 
The  remainder  of  the  $925  million  authorized  was  apportioned  on  October  10. 

In  apportioning  the  1963  ABC  funds,  two  adjustments  related  to  apportion- 
ments of  prior  years  were  necessary.  The  1962  apportionment  had  been  made 
on  the  basis  of  supposedly  final  1960  census  data,  but  revised  rural  and  urban 
population  figures  subsequently  became  available.  Also,  the  1957-61  apportion- 
ments were  made  on  the  basis  of  the  post  road  mileage  of  the  preceding  year  in 
each  case,  rather  than  the  current  year.  Recalculations  were  therefore  made  of 
the  1957-62  apportionments,  and  the  necessary  adjustments  were  reflected  in 
the  1963  apportionment  of  ABC  funds. 

Reports   and   legislation 

During  the  year  the  Secretary  of  Commerce  and  the  Housing  and  Home  Finance 
Administrator  prepared,  at  the  request  of  the  President,  a  joint  report  on  urban 
transportation,  concerned  with  both  transit  and  private  vehicle  transportation. 
Public  Roads  had  an  active  part  in  the  preparation  of  this  report.  In  turn,  the 
report  provided  the  basis  for  an  important  segment  of  the  President's  Trans- 
portation Message  to  Congress.  Key  proposals  were  for  a  requirement  that 
highways  in  a  metropolitan  area  be  planned  as  an  integral  part  of  a  balanced 
transportation  system,  consistent  with  development  plans  for  the  area ;  use  of 
Federal-aid  secondary  funds  in  urban  as  well  as  in  rural  areas ;  assistance  to 
families  and  businesses  dislocated  by  the  highway  program ;  and  expanded  use 
of  Federal  aid  for  highway  planning  and  research. 

At  the  close  of  the  year  legislation  Avas  under  consideration  in  the  Congress 
relating  to  the  President's  recommendations,  and  for  provision  of  Federal-aid 
authorizations  for  fiscal  years  1964  and  1965  for  the  Federal-aid  primary  and 


secondary  systems  and  their  urban  extensions  and  for  other  roads  on  Federal 
lands. 

At  the  request  of  the  Senate  Committee  on  Public  Works,  Public  Roads  pre- 
pared a  comprehensive  report  on  the  use  of  materials  for  the  Nation's  highways. 

Construction  contracts  and  prices 

The  Federal-aid  highway  construction  program  is  accomplished  under  the 
traditional  American  practice  of  competitive  bidding  for  contracts  let  by  the 
States.  Competitive  bidding  during  the  fiscal  year  was  generally  quite  spirited, 
averaging  5.9  bids  per  contract. 

During  the  fiscal  year,  6,259  Federal-aid  construction  contracts  were  awarded, 
of  which  3,505  were  on  the  primary  system  and  2,754  on  the  secondary  system. 
These  totals  included  700  miscellaneous  Federal-aid  highway  contracts  covering 
such  work  as  demolition  of  buildings,  landscaping,  and  storm  drainage.  The 
primary  system  projects  included  1,720  on  the  Interstate  system,  or  49  percent. 
Contracts  for  urban  work  were  also  included  in  the  total  for  the  primary  system. 
Successful  bidders  on  Federal-aid  contracts  averaged  2.1  contract  awards  each. 

The  average  size  contract  during  the  year  was  $485,400,  and  86.8  percent  of 
the  contracts  were  for  less  than  $1  million. 

The  trend  of  stabilization  in  highway  construction  bid  prices,  which  began 
in  the  second  quarter  of  fiscal  year  1957,  continued  throughout  fiscal  year  1962. 
The  composite  index  for  the  first  quarter  of  fiscal  year  1957  was  100.8  (1957-59 
average— 100)  which  was  20  percent  above  the  low  point  of  84.0  at  the  end  of 
fiscal  year  1955.  The  composite  index  for  the  fourth  quarter  of  fiscal  year  1961 
was  93.2  which  was  11  percent  above  the  same  low  point.  The  index  for  the 
fourth  quarter  of  1962  was  97.0,  resulting  in  a  net  increase  of  4.0  percent  during 
fiscal  year  1962.  The  above  figures  are  based  on  a  recent  revision  of  the  weight- 
ing structiire  of  the  index  and  a  change  in  the  base  period  from  1925-29  to 
1957-59,  to  reflect  more  accurately  the  bid  price  trend  in  present  day  highway 
construction. 

During  the  fiscal  year  the  costs  of  labor  and  materials  amounted  to  25  per- 
cent and  53  percent,  respectively,  of  the  total  highway  construction  cost ;  the 
remaining  22  percent  was  accounted  for  by  equipment  ownership,  overhead,  and 
profit. 

Average  hourly  earnings  of  labor  on  highway  construction  increased  7.5  percent 
during  fiscal  year  1962  but,  as  a  result  of  continually  improving  productivity  in 
highway  construction,  the  cost  of  labor  increased  only  4.0  percent.  The  cost 
of  highway  construction  materials  dropped  1.0  percent,  while  equipment  owner- 
ship costs  did  not  change  during  the  year.  The  weighted  composite  increase 
of  highway  construction,  labor,  materials,  and  equipment  ownership  costs  was 
0.5  percent. 

Federal-aid  highway  construction  during  fiscal  year  1962  utilized  some  275 
million  man-hours  of  labor,  1.4  million  tons  of  steel,  38  million  barrels  of  cement, 
4.3  million  tons  of  bituminous  materials,  and  314  million  tons  of  aggregates. 
Excavation  on  Federal-aid  highway  construction  amounted  to  about  1.3  billion 
cubic  yards. 

Administration 

The  Secretary  of  Commerce,  on  November  1,  1961,  appointed  D.  Grant  Mickle 
to  the  new  post  of  Deputy  Federal  Highway  Administrator.  This  leadership 
position  in  the  Bureau  of  Public  Roads  was  established  by  Public  Law  87-392, 
which  also  abolished  the  former  position  of  Commissioner  of  Public  Roads. 

During  the  fiscal  year  two  new  primary  units  were  established  in  Public 
Roads'  Washington  headquarters  :  an  OflSce  of  Planning  and  an  Oflice  of  Highway 


Interstate  Route  84  winds  through  Seymour,  Conn.,  on  a  long  viaduct. 

Safety.  Several  other  organizational  changes  were  made  to  improve  opera- 
tions. A  manpower  utilization  study  was  completed,  and  its  recommendations 
were  being  implemented. 

Fiscal  management  was  improved  in  a  number  of  ways.  A  concurrent  audit 
plan  was  developed,  whereby  a  State's  procedures  and  reimbursable  costs  on 
Federal-aid  projects  are  reviewed  and  audited  by  Public  Roads  concurrently  with 
the  progress  of  the  work.  Two  States  had  adopted  this  plan,  and  others  were 
preparing  to  do  so. 

Examination  of  Federal-aid  operations  were  conducted  in  24  States  during  the 
year.  A  number  of  investigations  were  made  into  allegations  of  irregularities 
in  the  highway  program.  Many  were  groundless,  but  some  cases  were  referred 
to  the  Department  of  Justice  and  resulted  in  Federal  grand  jury  indictments. 
Guidelines  prepared  for  inspections  of  construction  and  land  acquisition  were 
effective  in  disclosing  some  previously  unrecognized  deficiencies  and  providing 
prompt  corrective  action. 

The  Special  Subcommittee  of  the  Public  Works  Committee  of  the  House  of 
Representatives,  headed  by  Congressman  Blatnik,  held  hearings  on  irregular- 
ities and  fraud  in  right-of-way  acquisition  in  Massachusetts.  Public  Roads  had 
uncovered  this  situation,  reported  it  to  the  Congressional  Committee  and  the 
Department  of  Justice,  and  collaborated  with  them  in  the  inquiry.  Federal- 
aid  payments  were  stopped  until  the  acquisition  of  each  land  parcel  was  re- 
viewed, and  no  Federal  funds  were  lost.  Several  individuals  were  convicted. 
With  Public  Roads  assistance,  the  State's  right-of-way  operations  were  being 
revamped. 

Planning 

The  Public  Roads  new  Office  of  Planning  was  created  to  provide  greater 
concentration  on  current  and  long-range  planning  for  highway  development. 
An  important  activity  of  the  year  was  support  to  national  organizations  of 
State,  city,  and  county  officials  in  launching  an  action  program  to  promote 
cooperative  urban  transportation  planning  in  cities  of  50,000  to  250,000 
population. 
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Both  in  Washington  and  in  the  field,  Public  Roads  and  the  Housing  and 
Plome  Finance  Agency  continued  to  cooperate  closely,  encoiiraging  and  assisting 
State  highway  departments  and  planning  agencies  in  coordinating  their  urban 
planning  programs. 

Research 

Public  Roads,  with  its  own  staff  and  in  cooperation  with  the  State  highway 
departments,  universities,  and  others,  continued  its  extensive  program  of  re- 
search in  a  wide  range  of  fields  related  to  highways  and  transportation.  Com- 
pletion of  the  AASHO  Road  Test,  in  which  Public  Roads  collaborated  with  the 
States  and  other  organizations,  was  a  significant  accomplishment  of  the  year. 
Six  reports  on  the  project  were  published  by  the  Highway  Research  Board. 

A  national  cooperative  highway  research  program  was  initiated  by  the  States, 
in  cooperation  with  Public  Roads  and  the  Highway  Research  Board.  Federal- 
aid  funds  available  for  research  were  pooled  for  the  undertaking  of  projects 
of  nationwide  interest  and  value. 


Interstate  Route  80  heads  toward  Golconda  Summit  in  western  ISevada. 


Safety 

The  Public  Roads  new  Office  of  Highway  Safety  was  established  to  coordinate 
efforts  of  governmental  and  private  agencies  in  this  important  field.  It  also 
provides  assistance  and  technical  advice  to  the  revitalized  President's  Com- 
mittee for  Traffic  Safety  and  the  new  Interdepartmental  Highway  Safety  Board 
created  by  the  President  and  comprised  of  the  heads  of  seven  major  Federal 
agencies.  Through  such  activities  and  through  promotion  and  the  sponsorship 
of  research.  Public  Roads  was  intensifying  its  efforts  to  improve  highway 
safety. 

The  National  Driver  Register  Service  started  operation  at  the  beginning  of 
the  year.  Over  180,000  records  were  i-eceived  from  the  States  on  drivers 
who  had  lost  their  licenses  for  drunk  driving  or  involvement  in  a  fatal  acci- 
dent. Some  240,000  searches  were  made  at  States'  requests,  and  5,700  drivers 
with  records  in  the  Register  were  identified. 


Development  of  the  Federal-Aid  Program 

Fob  those  unfamiliak  with  the  management  of  highways  in  the  United  States, 
and  the  operation  of  the  Federal-aid  highway  program,  this  very  brief  account  is 
provided. 

To  the  average  highway  user,  the  3.6  million  miles  of  roads  and  streets  in 
the  United  States  comprise  an  integrated  network  whose  purpose  is  to  convey 
him  from  his  origin  to  his  destination.  Officially,  this  network  is  composed  of 
a  variety  of  systems.  The  ownership  and  responsibility  for  building,  maintain- 
ing, and  operating  roads  and  streets  is  divided,  roughly  according  to  their 
relative  importance  and  type  of  service,  among  the  highway  departments  of  the 
States,  counties,  towns  and  townships,  and  municipalities. 

In  some  cases  the  State  highway  system  is  relatively  sjnall ;  in  some  the  State 
administers  both  a  primary  and  a  secondary  system ;  in  a  few  the  State 
controls  all  or  most  roads.  Many  urban  freeways  and  major  streets  are  parts 
of  the  State  highway  systems.  Special  authorities  have  been  created  in  some 
States  to  operate  toll  roads  and  toll  bridges. 

State  highways  almost  altogether,  and  local  roads  and  streets  to  a  consider- 
able extent,  are  financed  from  highway-user  taxes,  principally  motor-fuel  taxes 
and  vehicle  registration  fees. 

The  Federal  Government  has  for  many  years  had  a  continuing  grant-in-aid 
program  to  assist  the  States  in  highway  improvement.  The  Federal  interest 
stems  from  provisions  in  the  Constitution  to  establish  post  roads,  regulate  com- 
merce among  the  States,  provide  for  the  national  defense,  and  promote  the  gen- 
eral welfare.  The  national  interest  is  in  the  improvement  of  highways,  and 
Federal-aid  grants  may  be  used  only  for  that  purpose.  The  entire  burden  of 
maintenance,   administration,  and  regulation  falls  upon  the  States  and  localities. 

While  Federal  assistance  is  directly  available  only  to  the  State  highway  de- 
partments, it  benefits  local  rural  and  urban  governments  as  well,  since  many 
urban  streets  and  secondary  roads  are  on  the  systems  eligible  for  Federal  aid. 

The  Federal-aid  highway  program  is  administered  by  the  Bureau  of  Public 
Roads,  U.S.  Department  of  Commerce.  The  program  is  a  cooperative  one,  in 
which  the  States  choose  the  systems  of  routes  for  development,  select  and  plan 
the  individual  projects  to  be  built  each  year,  and  award  and  supervise  the  con- 
struction contracts.  The  States  pay  for  the  work  and  then  claim  reimburse- 
ment for  the  Federal  share  of  the  cost.  The  Bureau  of  Public  Roads'  function  is 
that  of  review,  approval,  and  control,  in  each  succeeding  step.  This  process 
recognizes  the  paramount  rights  of  the  States,  who  own  the  roads  and  must 
maintain  and  operate  them.  Where  secondary  roads  or  urban  streets  are  in- 
volved, the  State  highway  departments,  in  using  Federal  aid,  work  cooperatively 
with  the  local  governments. 

Federal  aid  to  the  States  for  highway  improvement  had  its  modest  beginning 
in  the  Federal-Aid  Road  Act  of  1916.  Through  the  years,  without  interruption 
except  in  World  War  II,  the  program  has  continued  to  grow  in  size  and  im- 
portance commensurate  with  the  explosive  growth  of  motor-vehicle  transporta- 
tion in  the  United  States.  For  almost  two  decades,  use  of  Federal  aid  was 
restricted  to  rural  portions  of  what  now  constitutes  the  Federal-aid  primary 
highway  system,  an  extensive  network  including  most  of  the  country's  main- 
traveled  roads.  Since  1934  Federal  aid  has  also  been  extended  to  the  urban 
portions  of  this  system,  and  since  1944  to  a  Federal-aid  secondary  highway 
system  of  farm-to-market  roads. 

In  1944  also,  the  National  System  of  Interstate  and  Defense  Highways  was 
authorized  by  law.  This  Interstate  System,  as  it  is  commonly  called,  is  now 
limited  to  41,000  miles  in  extent,  and  constitutes  the  most  important  portions  of 


the  Federal-aid  primary  system.  Federal-aid  funds,  however,  were  not  specifi- 
cally authorized  for  the  Interstate  System,  or  were  provided  only  in  relatively 
modest  amounts,  until  1956. 

The  Federal- Aid  Highway  Act  of  1956,  augmented  by  acts  in  each  of  the  years 
1958-61,  authorized  a  tremendously  enlarged  highway  program  which,  in  its 
entirety,  will  be  the  greatest  peacetime  construction  program  in  history.  The 
legislation  extended  at  an  increasing  rate  the  traditional  aid  for  primary, 
secondary,  and  urban  highway  improvements,  and  authorized  a  long-range  Fed- 
eral-aid program  for  completion  of  the  Interstate  System.  The  1956  act  also 
established  a  Federal  highway  trust  fund  to  receive  Federal  highway-user  ex- 
cise taxes  such  as  the  Federal  motor-fuel  tax,  and  from  which  funds  for  Federal 
highway  aid  are  disbursed.  The  Federal-aid  program  is  thus  entirely  paid  for 
by  highway  users. 

The  Federal-aid  authorizations  are  made  in  four  categories :  For  the  Inter' 
state  System,  and  for  primary,  secondary,  and  urban  highways — the  latter  group 
is  often  referred  to  as  the  ABC  program.  Authorizations  of  Federal  aid  for  the 
Interstate  System  total  $37  billion,  spread  over  the  15  fiscal  years  1957-71.  Au- 
thorizations for  the  ABO  program,  usually  made  biennially,  rose  $25  million 
annually  from  $825  million  for  fiscal  year  1957  to  $925  million  for  1962.  The 
1963  authorization  was  also  $925  million.  Federal-aid  funds  for  the  ABO  pro- 
gram are  apportioned  among  the  States  according  to  formulas  prescribed  by  law, 
taking  into  account  population,  area,  and  postal  route  mileage.  Interstate  funds 
are  apportioned  among  the  States  on  the  basis  of  the  estimated  cost  of  complet- 
ing the  system  in  each  State,  to  ensure  simultaneous  completion  of  the  system  in 
all  States. 

Interstate  funds  are  matched  by  the  States  on  a  90-percent  Federal,  10-percent 
State  basis  ;  the  ABO  funds  are  matched  50-50.  States  with  large  areas  of  public 
lands  receive  a  proportionately  larger  Federal  share  of  the  cost  of  each  project. 

As  of  December  31,  1961,  the  Federal-aid  primary  system  totaled  266,344  miles 
in  extent,  including  the  Interstate  System.  There  were  613,195  miles  in  the 
Federal-aid  secondary  system.  The  urban  portions  of  the  primary  and  secondary 
systems  totaled  40,823  miles. 

The  National  System  of  Interstate  and  Defense  Highways 

The  Interstate  System,  officially  known  as  the  National  System  of  Inter- 
state and  Defense  Highways,  is  a  41,000-mile  planned,  integrated  network  of 
the  Nation's  most  heavily  traveled  routes,  linking  the  country's  metropolitan 
areas  and  industrial  centers,  serving  the  national  defense,  and  connecting  with 
routes  of  continental  importance  in  Oanada  and  Mexico.  Comprising  little 
more  than  1  percent  of  the  total  U.S.  mileage,  the  system  when  completed  in 
1972  will  carry  over  20  percent  of  the  Nation's  trafiic. 

Status  at  end  of  year 

The  concentrated  efforts  of  the  State  highway  departments,  Public  Roads, 
and  the  contractor,  materials,  and  equipment  industries  were  reflected  in  the 
outstanding  progress  made  during  the  6  years  of  the  Interstate  program's  exist- 
ence. At  the  end  of  the  fiscal  year,  12,550  miles  of  the  Interstate  System  were 
open  to  trafiic. 

Of  these  sections  open  to  use,  7,225  miles  were  completed  to  standards  adequate 
for  1975  traffic,  the  program's  objective ;  and  3,024  miles  were  improved  to  full 
capability  for  handling  current  traffic  but  needed  additional  improvement  to 
bring  them  up  to  the  standards  for  1975.  These  accomplishments  had  been 
achieved  with  Federal-aid  and  other  public  funds. 
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Interstate  Routes  74  and  465  meet  on  the  west  side  of  Indianapolis,  Ind. 
Interstate  465,  running  across  the  picture,  is  part  of  the  Indianapolis  circum- 
ferential freeway. 


In  addition,  2,301  miles  of  toll  roads,  bridges,  and  tunnels  had  been  incor- 
porated in  the  system.  Their  inclusion  is  permitted  by  law,  but  Federal-aid 
funds  may  not  be  used  for  their  improvement  and  they  continue  to  operate  as 
toll  facilities. 

More  than  half  of  the  mileage  open  to  traffic,  8,026  miles,  had  been  built  or 
improved  under  the  Federal-aid  Interstate  program,  most  of  it  under  the  90- 
percent  Federal,  10-percent  State  sharing  program  launched  in  1956.  Work  on 
the  remaining  2,223  miles  (other  than  toll  facilities)  was  financed  by  the  States 
and  localities,  mostly  before  1956,  under  other  programs — in  many  cases  with 
Federal  aid. 

In  addition  to  the  sections  open  to  traffic,  4,801  miles  were  under  construction 
with  Federal-aid  Interstate  funds  at  the  end  of  the  fiscal  year,  and  engineering 
or  right-of-way  acquisition  was  in  progress  on  another  10,927  miles.  Thus  some 
form  of  work  was  completed  or  underway  on  28,278  miles  of  the  41,000-mile 
system — about  69  percent  of  the  total. 


The  status  of  improvement  of  tlie  Interstate  System  is  shown  in  summary  in 
the  table  on  this  page  and  by  States  in  appendix  table  11.  A  map  showing  the 
general  location  of  sections  completed  or  underway  appears  on  pages  54-55. 

Status  of  improvement  of  the  Interstate   System  as  of  Jvine  30,   1962 


Improvements 

Financin 

g  with— 

Total  2 

Interstate 
funds  1 

Other  public 
funds  2 

Improved  and  open  to  traffic: 

Completed  to  full  or  acceptable  standards      

Miles 
6,  649 

1,377 

Miles 
576 

1,647 

Miles 
7,  225 

3,024 
2,301 

Improved  to  standards  adequate  for  present  traffic 
but  additional  improvement  needed  to  meet  full 
standards 

Toll  facilities       .                         .                 .  .         . 

Total  improved  and  open  to  traffic       

8,026 

4,801 
10,  927 

2,223 

12,  550 

4, 801. 
10, 927 

Improvements  underway  witli  Interstate  funds: 
Under  construction  

Preliminary  engineering  or  right-of-way  acquisition 
underway           . 

Total  improvement"!  nnderway 

15,  728 

15, 728 
28, 278 

Total  completed,  improved,  or  underway 

1  Including  State  matching  funds.       2  Including  some  Federal  aid. 


Including  toll  facilities. 


Development  of  the  system 

The  Interstate  System  was  created,  with  a  40,000-mile  limitation,  by  the  Fed- 
eral-Aid Highway  Act  of  1944.  General  locations  of  37,700  miles  of  intercity 
routes  were  officially  designated  in  1947,  and  2,300  miles  of  routes  around,  into, 
and  through  cities  were  designated  in  1955.  Taken  into  account  in  the  selec- 
tions, made  cooperatively  by  the  States  and  Public  Roads,  were  the  basic  factors 
of  population  service,  transportation  requirements  of  industry,  commerce,  and 
agriculture,  system  integration,  and  needs  of  national  defense. 

The  Federal-Aid  Highway  Act  of  1956  provided  a  1,000-mile  increase  in  the 
limitation  of  the  Interstate  System ;  and  about  that  tiiue  it  became  evident,  as 
the  States  selected  detailed  locations  for  the  routes  of  the  originally  designated 
40,000  miles,  that  considerable  mileage  saving  had  resulted  from  adoption  of 
alinements  more  direct  tlian  those  of  existing  highways.  As  a  consequence,  2,100 
miles  of  additional  routes  were  designated  in  1957  within  the  41,000-mile  limit. 

At  the  end  of  the  fiscal  year  the  designated  Interstate  System  totaled  40,798 
miles  of  which  35,541  were  rural  and  5,257  were  urban.  The  remaining  202 
miles  within  the  41,000-mile  limitation  were  held  in  reserve  for  adjustments 
as  final  locations  are  selected  and  projects  built.  The  States  continued  to  make 
economic  and  engineering  studies  and  to  hold  hearings  to  determine  the  most 
feasible  locations  for  individual  Interstate  route  sections,  as  a  prelude  to  prep- 
aration of  final  plans  and  surveys,  right-of-way  acquisition,  and  construction. 
Definite  or  feasible  locations  had  been  selected  by  the  States  and  approved  by 
Public  Roads  for  all  routes. 

Until  1956,  only  limited  amounts  of  Federal-aid  funds  were  specifically 
authorized  by  Congress  for  Interstate  System  improvement,  although  Federal- 
aid  primary  and  urban  funds  could  be  and  were  used  to  a  considerable  extent 
for  that  purpose.  The  picture  changed  radically  when  the  1956  act  authorized 
almost  $25  billion  of  Federal-aid  funds  over  the  13-year  period  1957-69  for 
completion  of  the  Interstate  System,  to  be  matched  on  a  90-percent  Federal, 
10-percent  State  basis.  A  much  more  detailed  estimate  of  the  cost  of  com- 
pleting the  System  made  in  1958,  and  confirmed  by  another  detailed  estimate 
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in  1961,  showed  that  the  total  amount  of  Federal  funds  needed  would  be  $37 
billion.  The  Federal-Aid  Highway  Act  of  1961  has  provided  the  necessary 
increased  authorizations  and  revenue. 

Fedei-al-aid  authorizations  for  the  Interstate  System  totaling  $11.4  billion, 
for  the  fiscal  years  1957-62,  had  been  apportioned  to  the  States  prior  to  the  fiscal 
year.  The  $2.4  billion  of  Interstate  funds  authorized  for  fiscal  year  1963  was 
apportioned  to  the  States  on  August  17,  1961. 


North  of  Scranton,  Pa.,  triple  trumpet  interchanges  link  Interstate  Route  81, 
on  the  right  side  of  the  picture,  U.S.  Routes  6  and  11,  at  the  lower  left,  and 
the  northern  terminus  of  the  JSortheast  Extension  of  the  Pennsylvania  Turn- 
pike, which  comes  in  from  the  left  on  a  high  viaduct.  (^Paralleling  U.S.  6 
and  11  at  the  lower  left  is  a  railroad.) 

Progress  during  the  year 

The  details  of  route  selection,  making  of  surveys  and  plans,  acquisition  of 
right-of-way,  and  construction  of  projects  of  the  magnitude  and  complexity  in- 
volved in  the  Interstate  System  often  take  3  or  4  years  from  conception  to  com- 
pletion. Many  route  sections  are  being  built  in  stages,  with  an  initial  project 
for  grading  and  drainage  and  a  subsequent  project  for  paving.  Some  existing 
highways  are  improved  and  augmented  to  attain  Interstate  standards;  for 
example,  by  acquisition  of  access  control,  or  by  adding  another  roadway  to  a 
2-lane  road,  to  make  a  4-lane  divided  freeway. 

Much  was  accomplished  in  the  Interstate  System  program  during  the  fiscal 
year.  The  mileage  of  the  system  completed  to  full  standards  was  increased  by 
1,675  miles,  or  4.6  miles  per  day.  The  mileage  actually  in  use  (fully  or  partially 
improved)  was  increased  by  1,725  miles,  a  growth  of  16  percent. 
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Improvements  involving  Federal-aid  Interstate  funds  were  completed  during 
the  year  on  2,655  miles  of  the  Interstate  System  at  a  total  cost  of  $1.79  billion, 
of  which  $1.59  billion  was  the  Federal  share. 

Work  completed  during  the  year  included  1,765  miles  of  bituminous  and 
Portland  cement  concrete  surfacing,  835  miles  of  grading,  drainage  work,  and 
temporary  surfacing,  and  55  miles  of  structures  involving  548  bridges  over 
streams,  1,447  bridges  over  highways  to  provide  traflBc  grade  separations,  and 
139  railway-highway  grade-separation  structures. 

Prospects  for  good  progress  lay  ahead.  Improvements  were  programed  dur- 
ing the  year  on  3,376  miles,  with  an  estimated  cost  of  $2.76  billion  including 
$2.37  billion  of  Federal-aid  Interstate  funds. 

At  the  end  of  the  year  a  total  of  $1.26  billion  worth  of  work  was  in  program 
status,  and  5,753  projects  with  a  total  estimated  cost  of  $6.8  billion  were  under- 
way or  scheduled  to  start  soon. 

Excluding  projects  that  have  only  been  programed,  a  total  of  $13.2  billion 
had  been  obligated  for  the  Interstate  System  at  the  end  of  the  fiscal  year,  of 
which  6  percent  was  for  preliminary  engineering,  23  percent  for  right-of-way 
acquisition,  and  71  percent  for  construction.  At  the  end  of  the  previous  year 
$10.9  billion  had  been   obligated,  of  which  70  percent  was  for  construction. 

Safety   features  of  the  system 

Controlled  access,  planned  interchanges,  separated  roadways,  and  other  mod- 
ern design  features  make  the  Interstate  routes  remarkably  safe  and  at  the  same 
time  permit  uniform  and  reasonably  high  speed  of  travel.  A  study  made  during 
the  year  indicated  that  when  the  system  is  completed  it  will  save  over  5,000  lives 
a  year,  25  percent  more  than  had  been  previously  predicted. 

It  was  estimated  that  the  average  of  11,000  miles  of  the  system  open  to  traf- 
fic during  1961  saved  2,000  lives  that  would  otherwise  have  been  lost  in  traflSc 
accidents,  and  resulted  in  25,000  fewer  injuries  and  60,000  fewer  accidents  than 
would  have  otherwise  occurred.  The  dollar  saving  in  1961  accident  costs  was 
estimated  to  be  well  over  $100  million. 

Interstate  System  Progress:   Case  Histories 

Progress  in  the  development  of  the  Interstate  System  during  the  6  years 
since  the  accelerated  program  was  launched  in  1956  is  shown  by  the  statistics 
in  the  previous  section.  Far  more  impressive  to  the  average  motorist  or  trucker, 
however,  were  the  many  completed  sections  open  to  their  use,  ranging  from  a 
few  miles  to  several  hundred  miles  in  length.  The  red-white-and-blue  Interstate 
route  marker  had  become  widely  recognized  as  a  beacon  signaling  swift,  safe, 
tension-free  driving.  Travelers  noted,  too,  the  promise  of  the  future  in  the  big 
construction  jobs  they  saw  underway,  although  sometimes  their  patience  was 
tried  by  the  necessary  detours  or  delays  at  construction  operations.  But  the 
individual  driver  was  apt  to  know  only  of  Interstate  progress  in  his  own  locale 
or  along  the  route  of  his  last  business  or  vacation  trip.  A  close-up  picture  of 
progress  across  the  Nation  may  be  gained,  perhaps,  by  glimpses  of  typical  Inter- 
state projects  completed  or  underway  during  the  fiscal  year.  (I-  is  used  to 
designate  the  term  Interstate  Route,  with  the  appropriate  number. ) 

Alabama. — A  7-mile  section  of  1-20  was  completed  at  a  cost  of  $5.2  million 
between  Eden  and  Riverside.  Opening  of  this  section  to  trafiic  will  provide 
34  miles  of  continuous  4-lane  freeway  from  the  center  of  Birmingham  on  the 
route  to  Atlanta. 

California. — Construction  of  the  interchange  of  I-IO — the  Santa  Monica  Freg- 

12 


A  connecting  link  from  Interstate  Route  5  {on  the  right)  joins  Harbor  Drive 
at  the  edge  of  downtown  Portland,  Oreg.  An  area  prepared  for  urban  re- 
development  appears  at  the  upper  left. 

way — and  the  Harbor  Freeway  was  completed  during  the  year.  The  $9  million 
project  included  east-  and  west-bound  3-lane  freeway  viaducts  and  11  distribu- 
tor and  connector  roadway  bridges.  This  project  was  the  final  link  in  a  23-mile 
fceeway  loop  surrounding  the  downtown  area  of  Los  Angeles,  started  in  1957. 
Anticipated  traffic  on  the  Santa  Monica  Freeway  just  west  of  the  interchange 
is  70,000  vehicles  a  day  in  1962,  with  a  projection  of  180,000  in  1980.  Parking 
-areas  will  be  established  under  the  Santa  Monica  Freeway  at  52  locations. 
Five  locations  had  been  awarded  to  high  bidders,  with  monthly  rentals  to  the 
State  averaging  $327  per  acre. 


667039—63- 
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Colorado. — A  graceful  steel  bridge  across  the  Colorado  River  in  the  scenic 
Palisade  region  near  Grand  Junction  was  completed  on  1-70  during  the  year. 
The  1,100-foot,  4-lane  bridge  is  the  first  link  in  the  Grand  Junction  bypass.  The 
old  highway  is  hemmed  in  by  a  railroad  and  densely  populated  farmland. 

Connectioiit. — A  15-mile  section  of  1-84  was  completed  during  the  year  from 
the  New  York  State  line  eastward  past  Danbury  to  Newtown.  The  4-lane  free- 
way, costing  $28  million,  was  built  in  27  months.  Construction  included  11  miles 
of  ramps  and  interchange  roadways  and  51  .structures.  The  route  will  relieve 
parallel  U.S.  6,  which  is  narrow  and  inadequate  for  present  traffic  and  passes 
through  the  congested  business  district  of  Danbury. 

Pistrict  of  ColnmMa. — The  second  of  a  pair  of  bridges  carrying  1-95  across 
the  Potomac  River  between  Virginia  and  Washington,  D.C.,  was  completed  during 
the  year.  The  new  2,300-foot,  4-lane  bridge  cost  $5.2  million.  It  closely 
resembles  its  twin  built  in  1950,  but  use  of  welded .  construction  instead  of 
riveting  saved  an  estimated  $500,000.  The  new  bridge  has  greatly  reduced 
the  heavy  traffic  congestion  and  frequent  minor  accidents  that  occurred  on  the 
narrow  truss  bridge,  built  in  1904,  which  it  replaces.  Traffic  on  the  twin 
bridges  averaged  120,000  vehicles  a  day. 

Florida. — A  4-mile  project  completed  during  the  year  opened  up  a  33-mile 
continuous  section  of  I-IO  extending  westward  from  the  western  urban  limits  of 
Jacksonville.  At  Orlando,  completion  of  a  large  viaduct  as  part  of  1-4  pro- 
vided space  for  a  927-car  municipal  parking  lot  beneath  the  structure,  greatly 
relieving  the  downtown  parking  situation. 


This  IS-mile,  $3.8  million  section  of  Interstate  Route  65  in  Escambia  County, 
Ala.,  is  part  of  the  route  from  Mobile  to  Montgomery.  (JSot  yet  open  to 
traffic  when  this  photograph  was  made.) 
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Georgia. — On  1-75,  the  main  north-south  Interstate  route  in  Georgia,  about 
half  of  the  165  miles  between  Macon  and.  the  Florida  State  line  was  open  to 
traffic  and  all  of  the  remainder  was  under  construction,  with  a  substantial  portion 
scheduled  for  early  completion. 

Idaho. — A  2o-mile  section  of  1-80  running  easterly  from  the  Oregon  State 
line  was  open  to  traffic  except  for  7  miles  on  which  construction  was  nearing 
completion.  Twin  966-foot  welded  plate-girder  bridges  span  the  Snake  River  at 
the  State  line.  The  new  4-lane  freeway  relieves  congestion  on  U.S.  30  and  will 
afford  considerable  benefit  in  time  and  travel  savings  since  it  is  5%  miles 
shorter  than  the  old  route. 

Illinois. — A  24-mile  portion  of  1-70,  centering  around  Effingham,  was  com- 
pleted during  the  year.  East-west  route  1-70  and  north-south  route  1-57  join 
2  miles  southwest  of  Effingham  and  continue  together  to  a  point  northeast  of 
town.  At  both  junctures  a  tri-level  interchange  structure  was  built.  1-70  will 
relieve  congestion  on  U.S.  40,  the  old  "National  Road,"  which  carried  7,000 
vehicles  a  day  in  1960.  Projected  daily  traffic  on  1-70  in  1975  is  17,000.  Com- 
mercial and  real-estate  development  has  already  begun  around  Effingham, 
along  1-70. 

Indiana. — A  10-mile  section  of  1-70  was  completed  westward  from  the  Ohio 
State  line,  and  7  miles  of  the  project  were  opened  to  traffc.  The  construction 
included  26  bridges :  8  over  streams,  5  over  railroads,  7  over  highways,  and  6 
at  interchanges.  The  opened  section  bypasses  Richmond  and  has  relieved 
heavy  congestion  on  U.S.  40. 

Kansas. — In  addition  to  accomplishments  on  1-70  in  Illinois  and  Indiana,  just 
described,  Kansas  completed  several  long  stretches  of  1-70  during  the  year,  il- 
lustrating the  cross-country  development  of  Interstate  routes.  Opened  to  traf- 
fic in  eastern  Kansas  were  two  sections  totaling  27  miles,  between  Salina  and 
Topeka,  and  an  additional  14  miles  were  under  construction.  There  remained 
only  11  miles  of  1-70  to  be  constructed  on  the  173  miles  from  Salina  to  Kansas 
City.  In  the  wheat  country  of  western  Kansas  a  23-mile  project  was  also  com- 
pleted on  1-70,  putting  into  service  a  continuous  freeway  stretch  of  44  miles. 

KentucJcij. — During  the  year  a  21-niile  section  of  1-64  was  completed  between 
Frankfort  and  Middletown,  opening  the  full  length  of  the  freeway  from  Louis- 
ville to  Lexington  except  for  a  short  section  at  Frankfort.  The  parallel  old  2- 
lane  road,  U.S.  60,  carried  9,000  vehicles  a  day  in  June  1961  and  was  operating 
at  capacity.  It  passes  through  many  small  towns  with  speed  zones  of  25  miles 
per  hour.  In  June  1962,  after  6  months  of  operation,  1-64  was  carrying  6,600 
vehicles  a  day  and  traffic  on  U.S.  60  had  dropped  to  3,300. 

Louisiana. — Work  continued  on  the  5.4-mile  twin  bridges  which  will  carry 
I-IO  across  Lake  Ponchartrain  east  of  New  Orleans.  Across  the  State  to  the 
west,  an  interchange  was  completed  on  I-IO  at  Louisiana  Route  108,  serving  the 
industrial  and  port  area  of  Lake  Charles  City. 

Maine. — The  24-mile  section  of  1-95  between  Augusta  and  Fairfield  completed 
in  1960  received  a  national  award  during  the  year  as  the  Nation's  best  example 
of  a  "driver's  road" — a  combination  of  scenery,  speed,  and  safety.  The  State 
was  praised  for  the  imaginative  way  in  which  the  independent  roadway  design 
capitalized  on  the  area's  natural  beauty  and  at  the  same  time  effected  overall 
economy  of  cost.  Traffic  on  the  roughly  paralleling  U.S.  201  had  dropped  from 
5,800  to  3,300  vehicles  per  day ;  1-95  was  carrying  3,800,  with  predictions  of 
10,500  by  1975.  The  fatality  rate  from  accidents  on  1-95  was  less  than  1  per 
100  million  miles  of  travel,  and  the  accident  rate  on  U.S.  201  had  declined.  Dur- 
ing the  year  another  5-mile  section  of  4-lane  freeway  was  completed  on  1-95 
between  Bangor  and  Orono.  From  Orono  north  to  the  Canadian  boundary,  1-95 
will  be  built  as  a  2-lane  controlled-access  highway. 
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Interstate  Route  10,  the  Santa  Monica  Freeway,  meets  the  Harbor  Freeway  in 
Los  Angeles,  Calif.,  at  an  interchange  designed  for  extremely  heavy  traffic 
movements. 


Maryland. — The  Baltimore  Beltway,  1-695,  was  opened  to  traffic  in  its  entirety 
on  July  1,  1962.  The  33  miles  of  freeway,  together  with  the  Harbor  Tunnel 
(toll)  Thruway,  completely  ring  the  city  of  Baltimore  and  bind  together  a  dozen 
suburbs.  There  are  32  interchanges,  including  a  $4  million  ''reverse-flow"  inter- 
change at  the  Northeastern  Expressway  where  motorists  going  to  the  left  actu- 
ally veer  left  in  a  long,  gradual  turn  without  decreasing  normal  freeway  speed. 
This  eliminates  the  tight  curves  and  slow-downs  inherent  in  a  cloverleaf  inter- 
change. The  beltway,  begun  in  1954,  cost  $68.5  million.  Early  planning  resulted 
in  a  minimum  of  dislocation,  with  only  300  dwellings  removed  from  the  I'ight-of- 
way.  Average  traffic  on  the  beltway  soon  after  opening  was  22,000  vehicles  a 
day,  ranging  up  to  35,000  near  the  west  junction  with  U.S.  40.  The  1975  fore- 
cast is  for  65,000  vehicles  daily.  Some  1,600  acres  of  land  within  2%  miles  of  the 
beltway  have  been  rezoned  for  industrial  use,  825  of  which  are  adjacent  to  the 
freeway.  Baltimore  County  expects  developments  of  the  next  decade  along 
the  beltway  to  create  5,000  new  jobs. 

Massachusetts. — During  the  year  several  projects  were  completed  on  1-93 
north  of  Boston.  A  2i/4-mile,  8-lane  section  in  Stoneham  required  careful  drain- 
age planning  where  its  skirts  a  water-supply  reservoir.  Another  1.3-mile,  S-lane 
project  in  Stoneham  required  heavy  cuts  in  rock  ledge.  Traffic  on  these  sections 
is  expected  to  be  about  60,000  vehicles  a  day  in  1980.  Another  2i/^-mile  section 
of  1-93  was  built  in  Methuen,  with  6-lane  width. 

Michigan. — During  the  year  28  miles  of  1-75  were  completed  between  Flint 
and  Bay  City,  and  27  miles  were  opened  to  traffic  between  Grayling  and  Gay- 
lord.  Michigan  also  completed  a  33-mile  relocation  of  U.S.  10  between  Bay  City 
and  Clare,  and  a  57-mile  relocation  of  U.S.  27  from  Clare  to  Grayling.  With 
these  openings,  145  miles  of  4-lane  divided  highway  were  provided  for  free- 
flowing  travel  between  the  urban  areas  of  southeastern  Michigan  and  the  recrea- 
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lional  lake  and  forest  country  in  the  north  central  part  of  the  State.  Driving- 
time  from  Flint  to  Gaylord  has  been  reduced  from  3M>  to  2^/2  hours. 

Minnesota-Wisconsin. — Completion  in  December  1961  of  the  7,975-foot  bridge 
linking  Duluth,  Minn.,  and  Superior,  Wis.,  was  the  culmination  of  promotion 
and  planning  that  began  some  30  years  ago.  Construction  finally  became  possible 
through  the  Interstate  System  program.  The  $30  million  structure,  part  of 
1-535,  replaces  a  low-level  private  toll  bridge  built  a  half-century  ago.  The  new 
bridge  was  already  carrying  as  much  traffic  as  was  forecast  for  several  years 
ahead.  The  high-level  bridge  permits  uninterrupted  passage  of  both  highway 
and  waterway  traffic. 

3Iississipi)i. — During  the  year  6  miles  of  1-59  were  opened  to  traffic  through 
the  city  of  Laurel,  skirting  close  to  the  business  center.  The  project  included 
a  major  bridge  over  two  highways  and  a  number  of  railroad  tracks.  The  project 
cost  $7.8  million  of  which  right-of-way  accounted  for  $2.3  million. 


A  tri-level  interchange  interconnects  Interstate  Routes  57  and  70  southwest  of 
Effingham,  III.  Each  of  the  three  levels  carries  traffic  in  one  direction 
only. 

Missouri. — With  the  opening  of  a  6-mile  section  of  1-70  on  the  Mark  Twain 
Expressway  in  St.  Louis,  motorists  now  have  in  use  a  freeway  reaching  24  miles 
from  downtown  St.  Louis  to  west  of  St.  Charles.  The  section  recently  completed 
extends  from  the  northwest  city  limits  to  downtown  St.  Louis  and  has  8  traffic 
lanes,  the  center  2  being  reversible  to  permit  5  lanes  in  operation  in  the  direction 
of  heavy  traffic  flow.  The  reversible  lanes,  located  between  the  outer  3-lane 
roadways,  are  opened  and  closed  for  dii*ectional  use  by  pulling  miniature  14-car 
"railroad  trains,"  serving  as  guard  rail  and  channelizers,  into  different  po,sitions. 
First  of  their  type,  the  trains  were  designed  by  the  Missouri  State  Highway  De- 
partment. Electrically  operated  signs  inform  motorists  whether  the  center 
lanes  are  open  to  inbound  or  outbound  traffic.  The  new  route  has  reduced  travel 
time  from  downtown  St.  Louis  to  the  airport  by  a,s  much  as  50  percent  in  peak 
hours.  The  route  was  carrying  65,000  vehicles  per  day,  with  expectations  of 
105,000  in  1975. 

Nevada. — A  13-mile  section  of  1-80  was  completed  over  Golconda  Summit,  200 
miles  east  of  the  California  State  line.  The  4-lane  freeway,  traversing  a  moun- 
tainous area,  replaces  an  old  2-lane  road  with  sharp  curves  and  steep  grades,  on 
which  there  have  been  12  fatalities  in  recent  years. 

New  Hampshire. — The  east-west  bypass  of  Manchester  was  opened  to  traffic 
during  the  year  with  completion  of  Interstate  projects  on  1-93  and  1-193  and 
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Federal-aid  primary  projects  on  relocated  N.H.  Route  101.  The  9-mile  bypass, 
which  cost  $11.8  million,  removes  from  Manchester's  congested  streets  the  heavy 
summer  traffic  traveling  from  the  west  to  the  coastal  beaches.  The  bypass  is 
0.3  mile  longer  than  the  route  through  town,  but  driving  time  has  been  reduced 
from  30  minutes  to  9. 

New  Jersey. — Almost  7  miles  of  1-295  were  completed  during  the  year  in 
Gloucester  and  Camden  Counties.  The  4-lane  freeway  was  built  with  provision 
for  adding  2  more  lanes,  expected  to  be  needed  before  1975.  This  freeway  section 
includes  12  bridges  and  9  sign  "bridges."  1-295,  a  peripheral  route  around  the 
Camden  metropolitan  area,  is  expected  to  carry  85,000  vehicles  a  day  in  1975,  25 
percent  of  thean  trucks. 

Neic  Mexico. — A  6-mile  section  of  1-25  was  completed  during  the  year  at  a  cost 
of  $1.2  million.  This  4-lane  freeway  bypasses  Raton,  reducing  traffic  congestion 
in  the  city. 

New  York. — Completion  of  19  miles  of  1-81  in  Oswego  County  opened  to  traffic 
a  70-mile  stretch  of  freeway  from  the  heart  of  Syracuse  to  north  of  Watertown. 
The  19-mile  section  completed  during  the  year  cost  $10.5  million  and  includes  5 
twin  bridges  and  14  other  crossing  structures.  Other  sections  of  1-81  completed 
in  New  York  include  10  miles  south  of  Syracuse  and  8  miles  south  of  Bingham- 
ton,  the  latter  connecting  with  40  miles  in  Pennsylvania  reaching  almost  to 
Scranton.  There  were  61  accidents  in  Oswego  County  on  old  U.S.  11  during  1961, 
compared  with  4  on  I-Sl  during  the  last  half  of  1961. 

North  Carolina. — As  the  fiscal  year  came  to  a  close,  four  major  sections  of 
the  Interstate  System  were  approaching  completion  to  full  standards :  a  14-mile 
section  of  1-40  from  Old  Fort  to  Marion ;  an  11-mile  section  of  1-85  from 
Gastonia  to  Charlotte ;  a  52-mile  section  of  1-85  from  Greensboro  through  Dur- 
ham ;  and  a  19-mile  section  of  1-95  between  Fayetteville  and  Lumberton.  Parts 
of  the  Greensboro-Durham  section  have  been  under  stage  construction  since 
1951  as  the  major  thoroughfare  for  this  portion  of  the  industrial  Piedmont  area 
of  the  State.  All  of  these  4-lane  freeway  sections  replace  highways  built  in  the 
1920's  to  serve  both  rural  traffic  and  as  main  streets  for  numerous  small  towns 
and  cities. 

North  Dakota. — A  25-mile  section  of  1-94  was  under  construction  and  sched- 
uled for  completion  next  year,  65  miles  west  of  Bismarck.  Aggregate  material 
had  to  be  hauled  52  miles  to  the  project  site.  1-94  will  replace  U.S.  10  as  a  main 
route.  U.S.  10  had  62  accidents  and  5  fatalities  within  2  years  on  a  34-mile 
stretch. 


Interstate  Route  HO  u  feiv  miles  east  of  Laramie^  Wyo.,  was  designed  with  in- 
dependent roadways  to  overcome  economically  the  difficult  topography. 
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Ohio. — Construction  was  nearing  completion  on  16  miles  of  1-90,  running 
easterly  from  downtown  Cleveland.  When  this  section  is  opened  to  traffic  it 
will  be  possible  to  travel  on  controlled-access  highways  from  Cleveland  to 
Boston,  Mass. 

Oklahoma. — On  the  7-mile  section  of  1-40  from  its  junction  with  1-35  in 
Oklahoma  City  southeasterly  past  Tinker  Air  Force  Base,  4  miles  were  opened 
to  traffic  and  the  remainder  was  nearly  completed.  The  5  miles  to  the  Base 
main  gate  are  a  6-lane  freeway.  Total  cost  of  the  7-mile  project  is  $11  million 
for  construction.  Local  interests  provided  right-of-way.  The  old  inadequate 
road  between  Oklahoma  City  and  the  Air  Force  Base  was  called  "Blood  Alley" 
because  of  its  bad  accident  record.  The  new  route,  already  carrying  2.5,000 
vehicles  a  day,  has  relieved  congestion  and  is  saving  lives.  Highway-user 
savings  on  the  new  7-mile  route  are  expected  to  be  $2i/4  million  next  year  and 
will  reach  .$6  million  in  1972.  At  this  rate  the  cost  of  the  facility  will  be  paid 
for  in  user  savings  by  196.5. 

Oregon. — A  6%-mile  section  of  1-5  through  southwest  Portland  to  the  down- 
town area  was  completed  during  the  year,  at  a  cost  of  $16.5  million.  Both 
through  and  suburban  traffic  were  using  the  new  route,  relieving  crowded  U.S. 
99W.  Traffic  on  the  old  route  had  averaged  35,400  vehicles  per  day  but  dropped 
to  15,800  after  the  freeway  opened.  The  freeway  was  carrying  22,800.  In  a 
5-month  period  before  the  freeway  opened,  U.S.  99W  had  an  accident  rate  of 
11.04  per  million  miles  of  travel ;  in  a  comparable  period  afterwards  it  dropped 
to  6.38,  and  the  rate  of  the  freeway  was  only  0.97.  Accident  costs  for  the 
"before"  period  were  estimated  at  $423,000;  for  the  "after"  period,  $176,000. 
This  indicates  an  annual  accident  cost  saving  of  $460,000.  Average  weekday 
time  savings  for  drivers  on  the  freeway  were  estimated  at  1,330  hours,  plus 
174  hours  saved  daily  for  drivers  using  the  old  route.  This  represents  an 
estimated  time  saving  of  $1  million  a  year. 

Pennsylvania. — Sections  of  1-81  completed  during  the  year  opened  a  con- 
tinuous 48-mile  freeway  stretch  from  Scranton  to  the  New  York  State  line  and 
on  to  Binghamton,  N.Y.  A  major  interchange  was  built  near  Clarks  Summit 
to  connect  1-81  and  81-S,  U.S.  6  and  11,  and  the  terminus  of  the  Northeast 
Extension  of  the  Pennsylvania  Turnpike.  State  funds  were  used  for  the  turn- 
pike part  of  the  connection.  Near  Scranton,  a  triple-deck  structure  was  built 
as  part  of  the  "direct-flow"  interchange  of  1-81,  81-S,  and  84  and  U.S.  11  and 
611.  This  construction,  in  an  area  uprooted  by  strip  mining,  transformed  the 
desolated  countryside  and  opened  adjoining  land  for  reclamation  development. 

Rhode  Island. — Construction  was  underway  on  a  section  of  1-95  in  Pawtucket, 
and  Massachusetts  was  building  an  adjacent  section  in  Attleboro.  Completion 
of  the  work  will  provide  10  miles  of  freeway  to  relieve  crowded,  dangerous 
U.S.  1. 

Tennessee. — A  directional  interchange  for  1-40,  1-65,  and  U.S.  70  and  ad- 
jacent twin  bridges  over  the  Cumberland  River  were  under  construction  at 
Nashville.     The  complex  of  structures  will  cost  $7.2  million. 

Texas. — Adjacent  to  the  downtown  area  of  Houston,  the  Capital  Avenue  in- 
terchange on  1-45  was  completed  during  the  year.  This  connects  with  a  com- 
pleted elevated  freeway  and  a  9-mile  section  of  1-45  which  was  under 
construction. 

Utah. — Construction  completed  and  underway  on  I-80N  will  soon  pro%'ide  a 
13-mile  section  of  freeway  near  Ogden. 

Vermont. — Work  was  nearing  completion  on  7%-miles  of  1-89,  providing  a 
freeway  bypass  of  the  Burlington-Winooski  area.  The  new  route  will  relieve 
the  city  streets  of  through  traffic  and  a  large  amount  of  commuter  traffic.  Sev- 
eral shopping  centers  and  motels  are  being  developed  near  the  Interstate  route 
interchanges. 
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West  Virginia. — ^Beginning  7  miles  north  of  Charleston  and  extending  north- 
erly, an  18-mile  section  of  1-77  was  completed  during  the  year.  Design  or 
construction  was  underway  on  a  number  of  other  portions  of  1-77  in  the  State. 
The  new  7-mile  freeway  replaces  an  old  18-foot  road  which  had  44  accidents  in 
2  years.    Travel  speed  on  the  new  route  is  double  the  old. 

Wisconsin. — The  first  3^/^  miles  of  1-94,  extending  from  downtown  Milwaukee 
past  the  County  Stadium,  home  of  Milwaukee's  baseball  team,  was  opened  to  use 
dui-ing  the  year  and  was  providing  considerable  traffic  relief  to  other  nearby 
routes.  The  remainder  of  this  east-west  freeway  will  be  completed  next  year, 
opening  15  miles  of  freeway  westerly  from  the  downtown  area. 

Wyoming. — Tv\an  bridges  on  1-90  across  the  "mile-wide,  inch-deep"  Powder 
River  were  completed  during  the  year.  Work  continued  on  the  67-mile  stretch 
of  1-90  between  Buffalo  and  Gillette,  with  2  of  the  4  lanes  scheduled  for  opening 
in  the  fall  of  1962.  This  route,  on  new  location,  will  save  28  miles  of  travel 
between  the  two  cities. 


The  Mamalahoa  Highway  from  I'apu  to  Manuka  Park,  on  the  Island  of  Hawaii, 
was  built  with  Federal-aid  funds.  The  10-mile,  2-lane  highway  section 
replaces  a  substandard  county  road  and  is  a  link  in  the  belt  route  around  the 
island. 

Federal-Aid   Improvement   of  Primary  Highways 

The  Federal-aid  primary  highway  system,  as  of  December  31,  1961,  covered 
266,344  miles  of  the  principal  highways  of  the  Nation  and  included  240,646 
miles  of  main  rural  roads  and  25,698  miles  in  urban  areas.  These  mileages 
include  the  Interstate  System  which  by  law  is  a  part  of  the  primary  system. 

Federal-aid  primary  fund  authorizations,  which  may  be  used  for  either  rural 
or  urban  portions  of  the  primary  system,  have  ranged  upward  in  recent  yeai-s 
from  $247.5  million  for  fiscal  year  1954  to  $416.25  million  for  fiscal  year  1963 
of  which  $312,187,500  was  apportioned  on  August  17,  1961,  and  the  remainder  on 
October  10,  1901. 

During  the  fiscal  year  5.050  miles  of  improvements,  estimated  to  cost  over 
$803  million  and  involving  $425  million  of  Federal-aid  primary  funds,  were 
programed. 
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Improvements  involving  Federal-aid  primary  fnnds  were  completed  dnrins 
the  year  on  5,377  miles  of  the  Federal-aid  primary  system  at  a  total  cost  of  $68S 
million  of  which  $359  million  was  Federal  aid.  The  projects  completed  included 
4,605  miles  of  bituminous  and  portland  cement  concrete  surfacing,  908  bridges 
over  streams,  and  237  bridges  over  highways  to  provide  traffic  grade  separa- 
tions. In  addition,  railway-highway  crossings  were  eliminated  by  construction 
of  104  grade-separation  structures  and  10  existing  structures  were  reconstructed  ; 
89  grade  crossings  were  protected  by  installation  of  signal  devices. 


Building  this  expressway  relocation  of  U.S.  131  through  Grand  Rapids,  Mich., 
required  careful  planning,  since  the  right-of-way  was  hemmed  in  by  heavy 
industrial  development,  a  river,  and  three  railroads.  The  4.7-niile  express- 
way cost  $20  million  and  was  partly  financed  with  Federal-aid  urban  funds. 

Federal-Aid  Improvement   of   Urban  Highways 

Highways  in  urban  areas  eligible  for  improvement  with  Federal  aid  as  of 
December  31,  1961,  totaled  40,823  miles  of  which  25,698  miles  were  on  the  Federal- 
aid  primary  system  (including  the  Interstate  System)  and  15,125  miles  were  on 
extensions  of  the  Federal-aid  secondary  highway  system. 

During  the  fiscal  year,  36  percent  of  all  work  programed  on  the  Interstate 
System  was  for  improvement  in  urban  areas.  This  is  somewhat  less  than  the 
urban  share  of  the  estimated  cost  of  improving  the  Interstate  System  and  of 
travel  in  the  United  States ;  in  both  cases  the  urban  proportion  being  nearly 
half. 

Federal-aid  urban  fund  authorizations  have  increased  in  recent  years  from 
$137.5  million  for  fiscal  year  1954  to  $231.25  million  for  fiscal  year  1963  of 
which  $173,437,500  was  apportioned  on  August  17,  1961,  and  the  remainder  on 
October  10,  1961.     During  the  year,  in  addition  to  the  funds  approved  for  proj- 
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ects  from  the  Federal-aid  urban  authorizations,  7  percent  of  all  primary  Federal- 
aid  highway  funds  were  approved  for  urban  highway  work. 

Plans  approved  for  Federal-aid  construction  projects  in  urban  areas  during 
the  past  fiscal  year  totaled  $1.70  billion  and  covered  865  miles  of  highway  im- 
provement. Of  this  total,  $1.23  billion  was  Federal  aid,  comprised  of  $259 
million  from  the  urban  authorizations,  $28  million  from  the  primary  fund  author- 
izations, and  $938  million  from  Interstate  funds. 

Federal-aid  construction  work  in  urban  areas  completed  during  the  fiscal  year 
consisted  of  889  miles  of  highway  improvements  costing  $1,228  million  of  which 
$937  million  was  Federal  aid.  The  completed  work  included  743  miles  of 
bituminous  and  portlaud  cement  concrete  surfacing,  248  bridges  over  streams 
and  rivers,  and  751  bridges  to  provide  traflBc  grade  separations  between  crossing 
highways.  In  addition,  169  railway-highway  separation  structures  were  com- 
pleted and  28  existing  ones  were  reconstructed,  and  73  railroad  grade  crossings 
were  protected  by  installation  of  signal  devices. 


This  new  1,200- foot  bridge  crossing  the  Mississippi  River  links  Minneapolis 
and  St.  Paul,  Minn.  To  restore  the  historic  setting  of  old  Fort  Snelling  and 
to  provide  an  essential  parking  area,  the  highway  was  carried  through  a 
300-foot  tunnel  on  donated  right-of-way  at  the  right  end  of  the  bridge. 
Part  of  the  $3.8  million  project  cost  was  paid  for  with  Federal-aid  urban 
funds. 

Secondary  or  Farm-to-Market  Roads 

The  Federal-aid  secondary  network  of  farm-to-market,  feeder,  schoolbus, 
and  mail-route  roads  is  the  largest  of  the  Federal-aid  highway  systems.  Its 
length  as  of  December  31,  1961,  was  613,195  miles,  including  15,125  miles  of 
extensions  into  or  through  urban  areas.  The  Federal-aid  authorizations  for  this 
system  have  increased  from  $165  million  for  fiscal  year  1954  to  $277.5  million  for 
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fiscal  year  1963  of  which  $208,125,000  was  apportioned  ou  Augiist  17,  1961,  and 
the  remainder  on  October  10,  1961. 

During  the  fiscal  year  a  total  of  11,986  miles  of  improvements,  estimated  to 
cost  $577  million  and  involving  $302  million  of  Federal-aid  secondary  funds, 
were  approved  on  the  secondary  system.  Improvements  were  completed  during 
the  year  on  12,668  miles  of  the  secondary  system  at  a  total  cost  of  $481  million, 
involving  $249  million  of  Federal-aid  secondary  funds.  Of  the  improvements 
completed,  8,578  miles  involved  bituminous  or  portland  cement  concrete  sur- 
facing, 3,234  miles  were  gravel  or  stone  surfaced,  and  816  miles  were  graded 
and  drained  preparatory  to  receiving  surfacing.  Also  completed  were  1,769 
bridges  over  streams  and  11  bridges  over  highways ;  54  new  railway-highway 
grade  separation  structures  and  reconstruction  of  5  others ;  and  protection  of 
253  other  railway-highway  crossings  by  signal  devices. 


This  Federal-aid  secondary  project  on  New  Mexico  State  Route  3  provided  9.3 
miles  of  improved  alinenient  and  asphaltic-treated  base  course  and  2  bridges 
between  Rockwall  and  Tres  Ritos.  The  road  is  also  part  of  Forest  Highway 
Route  3. 

The  Federal-aid  secondary  program  differs  from  other  Federal-aid  highway 
programs  in  that  the  system  is  not  limited  in  length  and  the  routes  of  the  system 
and  the  projects  to  be  constructed  are  selected  cooperatively  by  the  State  highway 
departments  and  local  highway  officials.  Another  difference  is  that  under  the 
1954  act  the  administrative  procedure  between  Public  Roads  and  the  States  in 
carrying  on  the  secondary  program  may  be  simplified  by  the  States  assuming 
major  responsibility.  All  States  except  Alaska,  Hawaii,  Indiana,  and  the 
District  of  Columbia  have  adopted  the  procedure. 

The  nine-member  Board  of  County  Engineer  Advisors  continued  to  meet  with 
Public  Roads  officials  to  promote  better  mutual  understanding  on  the  Federal-aid 
secondary  program  among  county  engineers,  the  State  highway  departments, 
and  Public  Roads,  and  to  give  effective  counsel  and  advice. 
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Vermont  replaced  a  narrow,  nindin^  gravel  roud  along  lite  I\orlh  Branch  of 
the  Winooski  River  near  Worcester  with  this  2.8-mile  highway,  financed 
with  Federal-ai€l  secondary  funds.  The  route  serves  farm  lands,  forest  op- 
erations, and  recreation  areas. 


Repair   of  Roads   Damaged   by  Natural  Disaster 

Federal  highway  legislation  provides  for  a  continuing  emergency  fund  in 
the  amount  of  $30  million,  which  is  replenished  as  needed  on  an  annual  basis, 
for  assisting  the  States  in  financing  the  repair  and  reconstruction  of  highways 
and  bridges  on  the  Federal-aid  systems  seriously  damaged  or  destroyed  by 
floods,  earthquakes,  or  similar  catastrophes  over  a  wide  area.  Eligible  projects 
are  financed  on  the  basis  of  50-percent  State  funds  and  50-percent  emergency 
funds.  The  Federal-aid  Highway  Act  of  1959  made  it  permissible  to  use  these 
emergency  funds  to  finance  up  to  100  percent  of  the  cost  of  the  repair  and  re- 
construction of  similarly  damaged  national  forest  highways  and  forest  develop- 
ment roads  and  trails,  national  park  roads  and  trails,  and  Indian  reservation 
roads  within  Federal  domain  lands  whether  or  not  these  roads  are  on  the  Federal- 
aid  systems. 

During  the  fiscal  year  1962  the  United  States  was  widely  affected  by  several 
major  storms,  including  Hurricane  Carla  along  the  Gulf  of  Mexico,  the  great 
March  tidal  storms  which  battered  much  of  the  mid-Atlantic  seaboard,  and 
extensive  flooding  in  other  parts  of  the  country  caused  by  abnormally  heavy 
winter  rains  and  prematurely  melting  snows.  During  the  year  allotments 
of  Federal  emergency  funds  totaling  $6,602,520  were  made  to  11  States  to  flnance 
rehabilitation  work  on  Federal-aid  highways  and  roads  on  public  domain  lands, 
necessitated  by  these  storms.  The  total  cost  of  the  work  was  estimated  at 
$10.73  million.  Amounts  allotted  were  :  Alabama,  $626,890  ;  Delaware,  $304,  500 ; 
Iowa,  $321,694;  Louisiana,  $202,040;  Mississippi,  $392,146;  Montana,  $2,472,000 
(100-percent  funds);  New  Jersey,  $563,000;  North  Carolina,  $245,400;  South 
Dakota,  $195,750;  Texas,  $1,039,100;  and  West  Virginia,  .$240,000. 

During  the  year  there  were  several  Presidential  declarations  of  major  dis- 
asters, bringing  the  provisions  of  Public  Law  875  into  effect  with  respect  to  14 
States.     In  West  Virginia  and  California  there  were  two  disasters  during  the 
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year.  The  total  cost  of  assistance  provided  under  I'nblic  Law  875  for  all  types 
of  damage,  including  damage  to  roads  not  on  any  Federal-aid  system,  was  esti- 
mated in  excess  of  $40  million.  In  nearly  all  cases  the  Bureau  of  Public  Roads 
was  called  upon  to  assist  in  the  implementation  of  emergency  repair  or  tem- 
porary replacement  of  facilities  on  off-system  highways  damaged  or  destroyed 
by  natural  causes.  Major  disasters  occurring  during  the  year,  as  noted  above, 
were  Hurricane  Carta  and  the  mid-Atlantic  coastal  storm. 

The  Highway  Trust  Fund  and  Reimbursement  Planning 

The  federal-aid  highway  program  is  financed  from  the  Highway  Trust  Fund 
established  by  the  Highway  Revenue  Act  of  19.56.  The  Trust  Fund's  revenue 
comes  from  certain  Federal  highway-user  excise  taxes  earmarked  by  the  same 
act,  as  amended  in  1959  and  1961. 

Net  Trust  Fund  receipts  during  fiscal  year  1962  totaled  $2,955  billion  and 
expenditures  from  the  Trust  Fund  amounted  to  $2,784  billion.  Total  revenues 
of  the  Trust  Fund  in  the  6  fiscal  years  1957-62  amounted  to  $1.3.9  billion  and 
expenditures  for  the  same  period  totaled  $13.4  billion. 

The  Federal  motor-fuel  taxes  have  provided  four-fifths  of  the  revenue  accruing 
to  the  Highway  Trust  Fund,  and  the  taxes  on  rubber  constituted  the  second 
largest  revenue  source.  Net  receipts  by  tax  source  during  fiscal  year  1962,  and 
the  tax  rates  in  effect  on  June  30,  1982,  are  shown  in  the  accompanying  table. 

Status  of  the  Highway  Trust  Fund,  fiscal  year  1962 


Amount 

(thousand 

dollars) 


Percentage 
of  total 
income 


Balance,  July  1,  1961 

Income,  fiscal  year  1962; 
Tax  revenue  (net,  after  refunds) : 

Motor-fuel  taxes:  4  cents  per  gallon 

Tires,  tubes,  and  tread  rubber:  10  cents  per  pound  on  highway  tires 
and  tubes;  5  cents  per  pound  on  other  tu'es  and  on  tread  rubber. 
Trucks,  buses,  and  trailers:  Half  of  the  10-percent  tax  on  manufac- 
turers wholesale  price  i 

Heavy  vehicle  use:  $3.00  per  1,000  pounds  aimually  on  vehicles  of 
over  26,000  pounds  gi'oss  weight 

Total  excise  revenue 

Interest  earned 

Total  income 

Disbursements  for  highways,  fiscal  year  1962 

Balance,  June  30,  1962 


$299, 063 

2,373,419 

367,  453 

127,  974 

79, 844 

2,  948,  690 

6,772 

2,  955,  462 

2,  784,  273 

470,  252 


80.3 
12.5 
4.3 
2.7 


0.2 


100.0 


I  The  full  10  percent  will  go  to  the  Trust  Fund  beginning  July  1,  1962. 

Reimbursement  planning 

Reimbursable  obligation  ceilings,  sometimes  referred  to  as  "contract  con- 
trols," have  been  in  effect  since  October  1959  as  a  means  of  regulating  new  obli- 
gations on  Federal-aid  highway  projects  so  that  the  Federal  funds  required  to 
reimburse  the  States  for  work  done  will  not  exceed  revenues  accruing  to  the 
Highway  Trust  Fund.  Federal  funds  are  "obligated"  when  the  States  are  au- 
thorized by  Public  Roads  to  proceed  with  preliminary  engineering  work,  right- 
of-way  acquisition,  or  advertising  for  bids  on  construction  projects. 

The  schedule  for  fiscal  year  1962  provided  for  reimbursable  obligations  total- 
ing $3,274  billion  during  the  fiscal  year,  in  addition  to  $58  million  carried  for- 
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ward  from  the  1961  schedule.  The  1962  schedule  was  released  to  the  States 
in  equal  quarterly  installments  of  $818.5  million,  available  May  17,  August  15, 
and  December  1,  1961,  and  March  15,  1962,  resiDectively.  Reimbursable  obliga- 
tions actually  inctirred  during  fiscal  1962  totaled  .$2,865  billion.  The  balance 
of  the  1962  schedule  carried  forward  on  .Tune  30,  1962,  was  $467  million. 

An  additional  $948.5  million  of  reimbursable  obligation  authority  for  the 
first  quarter  of  fiscal  year  1963  was  made  available  to  the  States  on  June  14, 
1962.  Corresponding  amounts  for  each  of  the  last  three  quarters  of  the  fiscal 
year  1963  were  to  be  released  effective  on  the  beginning  date  of  each  quarter. 

The  States  are  authorized  to  obligate  available  balances  of  apportioned  Fed- 
eral-aid funds  for  so-called  "E"  projects,  which  are  financed  initially  from 
State  funds  without  charge  to  the  reimbursable  obligation  schedule.  This  is 
done  with  the  understanding  that  when  the  State  desires  Federal  reimburse- 
ment for  such  projects,  the  Federal  fund  amounts  are  to  be  charged  to  the 
reimbursable  obligation  schedule  and  reimbursement  is  to  be  claimed  over  a 
3-year  period.  Twelve  States  were  financing  projects  on  this  basis  as  of  June  30, 
1962,  involving  Federal  fund  obligations  totaling  $331  million. 

Reports   to   Congress 

President's  transportation  message 

The  President,  on  April  5,  1962,  sent  to  the  Congress  an  important  message 
on  the  transportation  system  of  the  Nation.  A  significant  section  of  the  re- 
port, dealing  with  ui'ban  transportation,  was  based  largely  on  a  joint  report 
on  urban  transportation  submitted  to  the  President  on  March  28,  at  his  re- 
quest, by  the  Secretary  of  Commerce  and  the  Housing  and  Home  Finance  Ad- 
ministrator. Public  Roads  had  an  active  part  in  the  development  and  preparation 
of  this  report,  Which  was  concerned  both  with  transit  and  private-vehicle  trans- 
portation, particularly  in  urban  areas.  Items  related  to  the  Federal-aid  high- 
way program  are  described  below. 

A  major  recommendation  of  the  report  was  that  beginning  no  later  than 
July  1,  1965,  approval  of  Federal-aid  highway  projects  in  any  metropolitan  area 
should  be  contingent  upon  a  finding  by  the  Secretary  of  Commerce  (through 
the  Bureau  of  Public  Roads)  that  the  projects  are  consistent  with  adequate, 
comprehensive  development  plans  for  the  metropolitan  area  or  are  based  on  re- 
sults of  a  continuing  planning  process  carried  on  cooperatively  by  the  States  and 
local  communities,  and  that  the  Federal-aid  system  so  developed  will  be  an  in- 
tegral part  of  a  soundly  based,  balanced  transportation  system  for  the  area 
involved. 

The  report  also  recommended  that  use  of  Federal-aid  highway  funds  be  per- 
mitted for  the  construction  of  highway  facilities  for  the  exclusive  use  of  specific 
types  of  motor  vehicles — such  as  roadways  or  lanes  solely  for  bus  operation — 
whenever  comprehensive  transportation  plans  indicate  this  to  be  desirable. 

The  report  proposed  that  Federal-aid  secondary  funds,  now  available  only 
for  use  in  rural  areas,  also  should  be  made  available  for  expenditure  on  ex- 
tensions of  the  Federal-aid  secondary  system  in  urban  areas.  This  will  pro- 
vide for  needed  development  into  urban  areas  of  routes  important  to  cities 
and  suburban  communities.  Such  routes  often  do  not  have  the  top  priority 
warranted  for  expenditure  of  Federal-aid  urban  funds. 

Recognizing  the  great  need  for  expanded  highway  planning  and  research 
programs  in  the  States,  the  report  recommended  a  significant  change  in  the 
legislation  governing  use  of  Federal  aid  for  planning  and  research.  Exist- 
ing law  provides  that  up  to  1%  percent  of  the  Federal-aid  funds  annually 
appoi-tioned  to  the  States  may  be  used  for  planning  and  research,  with  or  without 
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the  State  matching  normally  required  in  the  use  of  Federal  aid.  The  report 
recommended  that  the  use  of  the  l^/^-percent  funds  for  planning  and  research 
be  made  mandatory,  that  full  matching  be  required,  and  that  such  funds 
not  so  used  should  lapse.  The  report  also  proposed  that  an  additional  one- 
half  of  1  percent  of  the  Federal-aid  apportioned  funds  for  the  ABC  program 
(but  not  the  Interstate  program)    be  earmarked  for  research. 

Highway  cost  allocation  study 

The  final  report  of  the  highway  cost  allocation  study  was  presented  to  the 
Congress  during  the  last  fiscal  year.  Work  eontimied  on  a  supplementary  re- 
port on  cost  allocation  by  the  incremental  method,  using  the  findings  of  the 
AASHO  Road  Test,  which  were  not  available  at  the  time  the  cost  allocation 
study  report  was  submitted  to  Congress.  Other  material  updating  the  informa- 
tion and  findings  of  the  report  were  being  prepared  for  a  supplemental  report. 

Maximum  desirable  vehicle  sizes   and  weights 

Work  was  continued  on  the  study  of  maximum  desirable  sizes  and  weights 
for  vehicles  operated  on  the  Federal-aid  highway  systems,  discussed  in  last 
year's  report.  During  the  year  Public  Roads  cooperated  with  the  American 
Association  of  State  Highway  OflBcials  in  acquiring  and  analyzing  information 
in  this  field,  which  will  be  useful  to  both  the  Congress  and  the  States  in  deter- 
mining policy  governing  motor-vehicle  sizes  and  weights. 

Use  of  materials   for  the  Nation's  highways 

At  the  request  of  the  Senate  Committee  on  Public  Works,  which  was  in- 
vestigating the  use  of  materials  and  new  designs  and  methods  in  public  works, 
the  Bureau  of  Public  Roads  prepared  a  comprehensive  report  titled  Tlie  Use  of 
Materials  for  the  Nation's  Higlnvays  (published  July  10,  1962,  as  Committee 
Print  No.  4,  87th  Congress,  2d  session).  The  report  discussed  the  scope  of  the 
use  of  materials  for  highways,  methods  of  exploring  for  materials,  and  new  and 
improved  design  and  use  of  materials  for  highways.  It  included  a  comprehensive 
listing  of  new  equipment  developed  and  put  into  use  in  highway  construction. 
The  report  described  research  and  development  in  the  use  of  nuclear  and 
electronic  equipment  for  testing  materials  and  controlling  their  installation,  and 
showed  the  high  degree  of  technological  refinements  being  applied  in  highway 
construction. 

Highway  Improvements  Under  Direct  Supervision  of  Public  Roads 

Under  existing  legislation,  the  Bureau  of  Public  Roads  receives  and  directly 
administers  annual  appropriations  for  major  highways  through  national  forests  ; 
and  performs  highway  engineering  and  construction  services  for  other  Federal 
agencies  as  required  by  law  and  as  may  be  requested  for  specific  projects.  The 
principal  agencies  receiving  direct  appropriations  for  the  construction  and 
maintenance  of  roads  and  requesting  assistance  from  Public  Roads  include  the 
Departments  of  Agriculture,  Defense,  and  Interior.  In  this  general  program 
for  highway  and  bridge  construction  Public  Roads  makes  surveys,  prepares 
plans  and  specifications,  advertises  for  bids,  and  supervises  the  construction  of 
the  projects. 

During  fiscal  year  1962,  improvements  under  the  direct  supervision  of  Public 
Roads  were  completed  on  695  miles  of  roads,  involving  $57  million  of  Federal 
funds.  At  the  close  of  the  year,  improvements  estimated  to  cost  $109  million 
were  under  contract  for  construction  on  1,024  miles.  Additional  work  on  569 
miles,  estimated  to  cost  $60  million,  was  either  in  the  programed,  plans-approved, 
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or  advertised  stage.     This  active  and  proposed  work,  totaling  $169  million  in 
estimated  cost,  is  reported  by  program  in  the  following  tabulation : 

Forest  highways  ' $77,  328,  970 

Parkways 46,  256,  476 

Park  roads  and  trails 22, 189,  470 

Bureau  of  Land  Management  roads 7,  831,  352 

Department  of  Defense,  access  roads" 7,073,320 

Federal-aid  in  Alaska,   Idaho,   and  Montana  for  jointly 

financed  projects  ^ 2, 164,  415 

Public  lands  highways 948,  989 

Forest  development  roads 2,  262, 175 

Woodrow  Wilson  Memorial  Bridge* 94,814 

Emergency  relief,  Montana  earthquake  area 2,  722,  000 

Miscellaneous  reimbursable  and  special  projects 297,  412 

Total 169, 169,  393 

1  Excludes  forest  highway  construction  under  State  supervision. 

"  Excludes  defense  access  roads  supervised  by  other  than  Public  Roads. 

3  Excludes  Federal-aid  highway  construction  under  State  supervision.  The  Federal-aid 
funds  reported  here  for  construction  under  Public  Roads  supervision  include  funds  author- 
ized under  sec.  3(a)  of  the  Federal-Aid  Highway  Act  of  1958,  and  also  includes  funds 
authorized  under  special  Alaska  legislation. 

*  Across  the  Potomac  River  south  of  Washington,  D.C. 

In  addition  to  these  programs,  Public  Roads  had  several  contracts  with  con- 
sulting engineering  firms  for  the  survey  and/or  design  of  projects  which  were 
under  its  direct  supervision. 

A  brief  coverage  of  some  of  the  significant  activities  under  the  direct  super- 
vision of  Public  Roads  is  presented  in  the  following  paragraphs. 

Forest   highways 

The  forest  highway  system,  composed  of  main  and  secondary  roads  within  or 
adjacent  to  the  national  forests,  is  located  in  40  States  and  Puerto  Rico.  At  the 
close  of  the  year  the  system  had  a  total  length  of  25,169  miles,  of  which  51  per- 
cent is  in  13  Western  States.  Although  not  a  wholly  connected  system,  it  repre- 
sents the  principal  means  of  transportation  into  and  through  the  national  forest 
areas,  which  comprise  8  percent  of  the  total  area  of  the  United  States.  In  addi- 
tion to  serving  as  major  traflic  arteries,  the  system  is  important  in  the  develop- 
ment of  natural  resources  and  recreational  facilities,  and  to  the  welfare  of  many 
local  communities.  Approximately  88  percent  of  the  forest  highway  system  is 
coincident  with  the  Federal-aid  primary  and  secondary  highway  systems.  Table 
18  of  the  appendix  shows,  by  forest  road  class,  the  system  mileage  in  each  State. 

Public  Roads  generally  directly  supervises  the  construction  of  forest  highways 
in  the  Western  States  where  such  construction  is  largely  financed  from  forest 
highway  funds.  In  the  East,  where  the  apportionment  of  forest  highway  funds 
to  any  one  State  is  relatively  small  and  generally  is  supplemented  on  individual 
projects  by  Federal  aid.  State,  and/or  local  funds,  the  construction  is  usually 
administered  by  the  State  highway  departments. 

During  the  fiscal  year  48  forest  highway  construction  projects,  involving  265 
miles  and  $19  million  of  Federal  funds,  were  completed  under  Public  Roads  di- 
rect supervision.  At  the  close  of  the  year  75  other  projects,  similarly  supervised, 
were  under  contract  for  improvement  on  516  miles.  They  involved  Federal 
funds  totaling  $49.1  million.  Some  of  the  improvements  completed  or  underway 
during  the  year  are  briefly  described  in  the  following  paragraphs. 

Mt.  Hood  Highway. — Typical  of  improvements  on  the  forest  highway  system 
was  the  relocation  and  surfacing  of  a  9.3-mile  segment  of  the  Mt.  Ilood  Highway 

28 


iu  Oregon,  from  the  Mt.  Hood  post  office  south  along  the  East  Fork  of  the  Hood 
River.  The  old  highway,  constructed  in  1920-24,  had  a  pavement  only  16  feet 
wide,  no  shoulders,  and  a  very  hazardous  alinement  with  140  curves  varying 
from  10  to  56  degrees.  The  new  route  provides  improved  alinement  and  a  24-foot 
width  pavement  with  4-foot  shoulders.  This  highway,  in  addition  to  serving 
general  and  recreational  traffic  requirements,  also  provides  access  to  excellent 
stands  of  timber  which  can  produce  an  annual  sustained  yield  of  1.5  million  board 
feet  of  lumber. 

Wasatch  National  Forest. — Construction  was  started  during  the  year  on  a  4.2- 
mile  segment  of  the  Big  Cottonwood-Brighton  Highway  located  in  the  Wasatch 
National  Forest  in  Salt  Lake  County,  Utah.  The  $957,504  contract  provided  for 
grading  and  surfacing  of  a  new  road  tlirough  the  Big  Cottonwood  Canyon  area, 
which  is  used  extensively  for  summer  recreation.  The  snow  at  Brighton  and 
Solitude  also  has  become  an  attraction  to  ski  enthusiasts  during  the  winter.  The 
Big  Cottonwood  area  drew  944,000  visitors  in  1961.  The  new  24-foot  wide  high- 
way, with  4-foot  shoulders,  will  replace  an  old  road  of  inadequate  design  which 
dates  back  to  early  pioneer  days.  Its  location  along  the  canyon  floor  was  costly 
to  maintain  because  of  slides  within  the  canyon  area.  The  location  and  aline- 
ment of  the  new  highway  is  designed  to  avoid  dangerous  avalanche  areas.  The 
project  also  will  provide  17  parking  areas  to  serve  scenic  locations  and  recrea- 
tional facilities. 

Cascade  Mountain  route. — Work  continued  during  the  year  on  the  important 
North  Cross-State  Highway  across  the  Cascade  Mountains  in  Washington.  This 
highway.    State   Route   16,   when  completed   will   provide  a    direct   connection 


Forest  highway  funds  built  this  beautiful  scenic  highway  in  Oregon,  on  State 
Route  35.      Majestic  Mount  Hood  rises  in  the  background. 
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between  Interstate  5  (U.S.  99)  in  the  vicinity  of  Mt.  Vernon  and  U.S.  97  at 
Olcanogan.  Tlie  present  end.  of  the  road  on  the  western  slope  of  the  Cascades 
is  near  Newhalem,  and  on  the  eastern  slope  the  road  ends  at  Mazama,  leaving 
a  gap  of  55  miles  between  these  two  points.  Public  Roads  will  construct  that 
poi-tion  of  the  gap  west  of  the  Cascade  Summit  with  forest  highway  funds,  and 
the  State  will  construct  that  portion  east  of  the  summit  with  Federal-aid  and 
State  funds.  During  the  past  year  a  $762,000  contract  was  completed  under 
Public  Roads  supervision  which  involved  the  construction  of  2.5  miles  of  grad- 
ing and  two  bridges  within  this  gap.  This  work  and  that  completed  by  Public 
Roads  in  fiscal  year  1961  under  an  $870,000  contract  provided  4  miles  of  new 
highway  across  and  beyond  Thunder  Arm,  a  portion  of  Diablo  Lake.  It  also 
provided  a  direct  road  connection  to  Diablo  Dam  which  previously  had  been 
served  by  a  1,500-foot  mechanical  lift.  The  construction  of  both  projects  was 
extremely  diflBcult  because  of  the  preponderance  of  solid  rock,  and  cliffs  hun- 
dreds of  feet  high.  The  project  completed  this  year  was  accessible  by  water 
from  Diablo  Lake,  and  Public  Roads  and  the  contractor  used  boats  and  barges 
for  transportation  during  much  of  the  construction  period.  Completion  of  this 
highway  will  provide  a  much  shorter  route  between  the  eastern  and  western 
portions  of  northern  Washington.  It  also  will  tap  valuable  mineral  and  timber 
resources  and  provide  access  to  one  of  the  most  scenic  areas  in  the  State. 

National  park  highways,  park  approach  roads,  and  parkways 

Construction  or  improvement  of  highways  within  or  approaching  national 
parks  or  monuments,  and  of  parkways  specifically  designated  by  Federal  legis- 
lation, is  financed  by  funds  appropriated  to  the  Department  of  the  Interior. 
These  funds  are  administered  under  regulations  jointly  approved  by  the  Secre- 
tary of  the  Interior  and  the  Secretary  of  Commerce.  Public  Roads  collaborates 
with  the  National  Park  Service  in  establishing  road  systems  and  developing 
annual  programs.  Public  Roads  engineers  make  surveys,  prepare  plans  and 
specifications,  and  supervise  the  construction  of  the  major  projects  on  these  road 
systems. 

During  the  fiscal  year,  improvements  were  completed  on  200  miles  of  park 
roads  and  parkways,  involving  Federal  funds  totaling  $19.9  million.  At  the 
end  of  the  year,  additional  improvements  were  underway  on  314  miles  involving 
Federal  funds  totaling  $44.9  million.  Table  19  of  the  appendix  shows  the  mileage 
and  general  location  of  Public  Roads  construction  activity  for  the  National  Park 
Service  during  fiscal  year  1962.  Some  of  the  improvements  are  briefiy  described 
in  the  following  paragraphs. 

Blue  Ridge  Parkway. — Considerable  activity  continued  during  the  year  on  this 
477-mile  scenic  parkway,  which  extends  from  the  Shenandoah  National  Park  in 
Virginia  to  the  Great  Smoky  Mountains  National  Park  in  North  Carolina.  Of 
its  total  length,  404  miles  were  open  to  traffic,  194  in  North  Carolina  and  210  in 
Virginia.  Construction  work  was  completed  during  the  year  on  16  miles,  involv- 
ing Federal  funds  totaling  $3.9  million.  At  the  close  of  the  year  additional  work 
involving  84  miles  and  $14  million  was  under  contract  including  resurfacing  of 
23  miles  with  bituminous  concrete.  Of  particular  significance  was  the  awarding 
of  six  contracts  for  construction  in  the  15-mile  section  near  Roanoke,  Va.,  between 
U.S.  220  and  U.S.  460.  Upon  completion  of  this  and  other  work  contemplated  in 
this  section,  the  entire  length  of  the  parkway  in  Virginia  will  be  open  to  traffic. 
Except  for  this  15-mile  section  and  a  5.5-mile  section  near  Grandfather  Mountain 
in  North  Carolina,  the  parkway  is  presently  open  for  continuous  travel  from  the 
Shenandoah  National  Park  to  U.S.  70  near  Asheville,  a  distance  of  392  miles. 

George  Washington  Memorial  Parkway. — During  the  past  year,  four  projects 
involving  3,3  miles  of  construction  and  Federal  funds  totaling  $3.1  million  were 
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completed  on  this  parkway,  which  is  located  oil  both  the  Virginia  and  Maryland 
sides  of  the  Potomac  River  near  Washington,  D.C.  At  the  close  of  the  year  six 
projects  were  under  contract,  involving  9.2  miles  and  $5.2  million  of  Federal 
funds.  Significant  among  these  were  2.3  miles  of  paving  on  the  Virginia  side  of 
the  river  from  the  Central  Intelligence  Agency  building  to  the  Capital  Beltway ; 
reconstruction  of  3.2  miles  of  the  parkway,  also  on  the  Virginia  side,  to  a  4-lane 
divided  standard  between  the  Washington  National  Airport  and  the  City  of 
Alexandria ;  and  3.6  miles  of  grading  and  surfacing  on  the  Maryland  side  from 
the  Glen  Echo  interchange  to  MacArthur  Boulevard,  approximately  1.4  miles 
beyond  the  Capital  Beltway. 

Natchez  Trace  Parhivay. — Considerable  activity  continued  on  this  4.50-mile 
parkway  in  Alabama,  Mississippi,  and  Tennessee.  During  the  year  construction 
was  completed  on  a  total  of  42  miles,  involving  $2.4  million  of  Federal  funds. 
At  the  close  of  the  year,  48  miles  were  under  contract  for  construction  involving 
Federal  funds  totaling  $6.7  million.  A  major  accomplishment  of  the  year  was 
the  completion  of  a  25-mile  paving  contract  in  Mississippi.  This  project  and 
another  27-mile  surfacing  contract  completed  shortly  after  the  close  of  the  year 
made  164  miles  of  continuous  pavement  available  for  traflic  in  Mississippi,  from 
U.S.  45  near  Tupelo  to  U.S.  51  near  Jackson.  A  total  of  226  miles  of  the  parkway 
are  now  paved:  176  miles  in  Mississippi,  6  miles  in  Alabama,  and  44  miles  in 
Tennessee.  Another  accomplishment  of  the  year  was  completion  of  the  substruc- 
ture for  the  5,066-foot  bridge  across  the  Tennessee  River.  The  superstructure 
work  for  this  bridge  was  well  underway,  and  a  contract  for  constructing  the 
concrete  deck  was  awarded  near  the  close  of  the  year.  The  contracts  for  these 
three  phases  of  the  work  totaled  $3.4  million. 

Biireavi  of  Land  Management  roads 

Pviblic  Roads  continued  to  provide  engineering  services  during  the  year  to  the 
Bureau  of  Land  Management  of  the  Department  of  the  Interior  in  its  program  of 
road  construction  in  Oregon.  This  included  making  surveys,  preparing  plans  and 
specifications,  and  supervising  construction  of  roads  providing  access  to  areas  for 
logging  operations.  Construction  was  completed  during  the  year  on  129  miles, 
and  involving  $4.9  million  of  Federal  funds.  At  the  close  of  the  year  153  miles 
were  under  contract  for  construction  at  a  cost  of  $6.5  million  of  Federal  funds. 

Public  Roads  also  performed  necessary  maintenance  operations  for  the  Bureau 
of  Land  Management,  as  requested,  since  the  roads  involved  are  not  on  a  county 
or  State  road  system.  During  the  past  year.  Public  Roads  maintained  1,142 
miles  of  roads — 307  miles  constructed  under  its  supervision  and  835  miles  of 
feeder  roads  constructed  by  others — at  a  cost  of  $903,448. 

Forest  development  roads 

Public  Roads,  at  the  request  of  the  Forest  Service,  makes  surveys,  prepares 
plans  and  specifications,  and  supervises  construction  of  roads  within  national  for- 
ests which  are  of  primary  importance  in  the  protection,  administration,  and  utili- 
zation of  the  forests,  or  are  necessary  for  the  use  and  development  of  the  re- 
sources upon  which  the  communities  within  or  adjacent  to  the  national  forests 
are  dependent.  Construction  under  Public  Roads  direct  supervision  was  com- 
pleted during  the  past  year  on  4  miles  of  forest  development  roads,  involving 
Federal  funds  totaling  $512,000.  At  the  close  of  the  year  26  miles  were  under 
construction,  involving  $1.8  million  of  Federal  funds. 

Kitt  Peak  Observatory   road 

Public  Roads  completed  for  the  National  Science  Foundation  the  construction 
of  a  13-mile  access  road  and  parking  area  to  serve  the  major  optical  astronomy 
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observatory  at  Kitt  Peak  in  the  Quinlan  Mountains,  40  miles  soutliwest  of  Tucson, 
Ariz.  The  road  construction  by  Public  Roads  involved  grading,  draining,  and  a 
bituminous  surface  treatment  costing  $2.8  million.  The  observatory,  located  en- 
tirely within  the  Papago  Indian  Reservation,  is  exi3ected  to  become  a  major  at- 
traction to  tourists. 

Woodrow  Wilson   Memorial  Bridge 

The  5,900-foot  AVoodrow  Wilson  Memorial  Bridge  across  tlie  Potomac  River 
south  of  Washington,  D.C.,  begun  in  1958,  w^as  substantially  completed  at  the' 
close  of  the  year.  Its  construction  involved  13  contracts  costing  $12.8  million. 
The  estimated  total  cost  of  design,  construction,  and  construction  engineering 
was  $14  million.  This  bridge  is  a  major  link  in  the  Capital  Beltway,  Interstate 
Route  495.  The  bridge  was  opened  to  traffic  on  December  28,  1961,  and  although 
only  a  short  segment  of  the  Beltway  on  each  side  of  the  river  was  open  for  use, 
traffic  volume  quickly  reached  18,000  vehicles  per  day.  When  additional  sections 
of  the  Beltway  are  opened  in  Maryland  and  Virginia,  this  bridge  will  serve  as  a 
major  bypass  of  the  Washington  metropolitan  area. 

Pviblic  lands   highways 

The  Congress  authorized  $3  million  of  public  lands  funds  for  fiscal  year 
1963  for  the  improvement  of  roads  through  unappropriated  or  unreserved  pub- 
lic lands,  nontaxable  Indian  lands,  or  other  Federal  reservations.  Of  this 
amount,  $2,853,000  was  allotted  during  the  year,  on  the  basis  of  need,  to  eight 
projects.  These  were  selected  as  having  the  highest  priority  among  the  46 
projects,  with  an  estimated  total  cost  of  $35  million,  proposed  by  the  State 
highway  departments.  The  allotments  provided  $800,000  for  continuation  of 
the  development  of  the  Richard  Sims-Dukes  Creek  Falls  Road  in  the  Chattahoo- 
chee National  Forest  in  northeastern  Georgia ;  $350,000  for  the  continuation  of 
improvements  on  the  Red  Lodge-Cooke  City  Road  to  provide  a  suitable  north- 
eastern entrance  to  the  Yellowstone  National  Park  in  Montana  ;  $500,000  for 
the  continued  improvement  of  New  Mexico  State  Highway  527  leading  to  the 
Gila  Cliff  Dwellings  National  Monument ;  $330,000  for  further  improvement  of 
roads  in  the  Ouachita  National  Forest  in  Oklahoma ;  $300,000  for  the  improve- 
ment of  Utah  State  Highway  15  providing  access  to  the  Zion  National  Park ; 
$200,000  for  the  continued  improvement  of  Vermont  State  Highway  9  in  the 
Green  Mountain  National  Forest ;  $300,000  for  the  continued  improvement  of  the 
Mountain  View-Lone  Tree  Road  in  Wyoming  to  provide  improved  access  to 
the  Flaming  Gorge  Dam  and  Reservoir  area ;  and  $73,000  for  the  strength- 
ening of  U.S.  89  in  Arizona  to  provide  improved  access  to  the  Glen  Canyon 
Dam. 

During  the  year,  Public  Roads  completed  three  projects  under  its  direct 
supervision  on  66  miles  of  the  Lewis  and  Clark  Highway  in  Idaho,  involving 
Federal  funds  totaling  $2.6  million  of  which  $1.8  million  were  public  lands 
funds.  At  the  close  of  the  year  another  39-mile  Idaho  project,  similarly  super- 
vised, was  under  contract  for  $1.3  million  which  involved  $249,000  of  public 
lands  funds. 

New  construction   manual 

Public  Roads,  during  the  past  year,  completed  a  new  Manual  of  Instructions 
for  Construction  of  Roads  and  Bridges  on  Federal  Highway  Projects,  which  was 
designed  for  use  with  Public  Roads'  Standard  SpecifiGations  for  Construction 
of  Roads  and  Bridges  on  Federal  Highway  Projects  (FP-61).  The  329-page 
manual  was  prepared  primarily  to  provide  information  and  guidance  for  Public 
Roads  employees  engaged  in  highway  and  bridge  construction  performed  under 
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the  direct  supervision  of  Public  Roads.  Its  general  purpose  is  to  clarify  the 
standard  specifications  and  Public  Roads  established  policies  and  procedui-es 
as  related  to  such  work.  The  manual  will  be  of  assistance  in  standardizing 
the  work  and  procedures  in  the  various  i-egions. 

Highway  and   Transportation   Planning 

The  Office  of  Plaxxixg  was  established  in  the  Bureau  of  Public  Roads 
on  December  6,  1961,  to  devise,  develop,  and  apply,  with  the  cooperation  of 
other  Federal,  State,  and  local  agencies,  more  effective  techniques  for  long- 
range  planning  and  programing  of  highway  improvements,  properly  coordinated 
with  other  transportation  facilities  and  integrated  with  comprehensive  general 
planning,  so  as  best  to  serve  and  help  shape  the  economic  and  social  develop- 
ment of  the  Nation  and  its  States  and  communities.  The  Office  is  comprised 
of  four  divisions,  for  national,  advance,  urban,  and  current  planning,  respec- 
tively. These  divisions  were  being  organized  and  staffed  during  the  year,  in  part 
by  transfer  of  personnel  as  well  as  functions  from  other  parts  of  the  head- 
quarters organization. 

National  planning 

On  a  national  basis,  the  Office  of  Planning  will  appraise  the  role  of  highway 
transportation  in  the  emerging  patterns  of  economic,  social,  and  technological 
development  of  the  Nation  and  of  its  regions.  This  involves  estimating  the 
total  requirements  for  transport  of  people  and  goods,  and  the  portion  of  this 
need  that  can  best  be  met  by  Mgh.way  transportation ;  determining  the  ca- 
pacities and  extent  of  highway  systems  to  serve  these  needs ;  and  exploring 
how  Federal  resources  may  best  be  apportioned  among  the  States  and  high- 
way systems  to  produce  well-integrated  Statewide  and  nationwide  highway 
services.  It  involves  continuing  analyses  of  the  costs  and  benefits  of  highway 
transportation  to  highway  users  and  others,  to  produce  recommendations  of 
fiscal  plans  to  support  in  equitable  manner  the  needed  long-range  highway 
programs. 

Advance  planning 

Public  Roads  assisted  the  Highway  Research  Board  in  planning  and  staging 
a  national  conference  on  planning  in  highway  administration,  held  March 
26-27,  1962,  in  Washington,  D.C.  The  conference  sought  to  define  what  is 
needed  in  planning  for  solving  basic  problems  of  State  highway  administrators ; 
explored  effective  ways  of  using  the  planning  process  for  realinement  of  fi- 
nances and  improvement  of  administration ;  and  identified  research  needed  to 
improve  planning  functions. 

Recognizing  a  growing  interest  in  the  need  for  systematic  construction  pro- 
graming, Public  Roads  cooperated  with  the  Highway  Research  Board  com- 
mittee on  highway  programing  in  an  inventory  of  programing  procedures  in 
several  States.  This  activity  was  the  outgrowth  of  about  o  years  of  preliminary 
study  of  the  subject.  Its  objective  is  to  determine  by  an  evaluation  of  present 
methods  or  procedures  those  factors  or  features  that  may  form  the  basis  for 
sound  advance  programing  methods.  From  preliminary  analysis,  it  is  believed 
that  three  or  four  methods  may  be  developed  and  suggested  to  the  States  as 
guides  for  improving  existing  procedures. 

Public  Roads  was  working  closely  with  State  highway  departments  to  aid 
them  in  estimating  their  long-range  highway  needs — 20  or  more  years  ahead — 
taking  full  account  of  economic,  social,  and  technological  trends  developed  on 
a  national  basis  and  geared  to  the  particular  potentials  and  changing  character 
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of  economic  and  population  growth  and  distribution  in  the  individual  States. 
Through  such  needs  studies,  realistic  plans  for  the  several  highway  systems  are 
developed,  consistent  with  available  and  prospective  revenues ;  and  progressive 
priority  programs  of  construction  projects  5  or  more  years  ahead  are  prepared 
to  bring  about  orderly  attainment  of  the  long-range  plans.  These  priority  pro- 
grams must  take  into  account  the  relative  needs  of  the  various  systems  and  their 
segments,  based  on  present  adequacy  and  immediacy  of  future  need.  They  must 
differentiate  between  the  urgency  of  urban  as  against  rural  improvements  and 
the  relative  order  of  importance  of  needs  in  one  urban  area  as  against  another, 
as  well  as  establish  priorities  among  various  classes  of  improvements  within 
urban  areas,  such  as  expressways  or  major  street  improvements. 

Public  Roads  personnel  during  the  year  aided  13  States  in  studies  of  program- 
ing, scheduling,  and  sufficiency  rating  procedures,  manpower  needs,  construc- 
tion planning  and  programing  methods,  and  highway  needs. 

Public  Roads  personnel  continued  to  advise  and  assist  the  National  Associa- 
tion of  County  Engineers  in  the  work  of  its  committee  on  programs,  plans,  and 
construction,  and  its  committee  on  research. 

The  first  steps  were  taken  in  a  proposed  study  leading  to  systematic  schedul- 
ing methods  for  Interstate  System  construction  projects.  This  study  will  fur- 
nish a  basis  for  the  development  of  road  logs  for  sections  of  the  Interstate 
System,  which  will  show  pertinent  geometries  as  well  as  programing  and  status 
features.  The  log  also  may  be  collated  with  information  obtained  in  the  Inter- 
state cost  estimate  study  for  use  in  the  development  and  scheduling  of  Inter- 
state construction  programs. 

Urban  planning 

In  carrying  out  its  planning  function  in  urban  or  metropolitan  areas,  Public 
Roads  continued  to  work  through  the  State  highway  departments  with  metro- 
politan and  urban  agencies  in  developing  long-range  plans  and  programs  for 
highway  transportation,  properly  coordinated  with  other  forms  of  transportation 
and  so  integrated  with  the  comprehensive  plans  for  the  area  as  to  serve  its  future 
transportation  needs  and  help  shape  its  growth  along  the  lines  desired  by  its 
citizens.  Public  Roads  was  also  working  in  close  harmony  with  other  Federal 
agencies,  particularly  the  Housing  and  Home  Finance  Agency,  to  ensure  that 
all  types  of  Federal  planning  assistance  are  well  coordinated  in  any  urban  or 
metropolitan  area. 

In  addition.  Public  Roads  continued  its  work  in  research,  development,  and 
application  of  techniques  to  estimate  the  distribution  of  future  travel  by  high- 
way and  transit,  the  transportation  requirements  of  various  land  uses,  the 
influence  of  various  forms  of  transportation  on  land  use,  and  the  interaction  be- 
tween the  two.  Also  involved  is  the  coordination  of  highway  improvements 
with  parking  and  traffic  control  programs.  Such  work  requires  recognition  of  the 
social  as  well  as  the  economic  impact  of  highway  transportation,  its  effect  on 
community  values,  and  the  importance  of  aesthetic  considerations.  These  ef- 
forts involve  working  with  all  agencies  concerned  with  each  area  in  the  de- 
velopment of  coordinated  programs  of  capital  expenditure  and  operational 
practices,  to  bring  about  the  desired  overall  community  objective. 

Public  Roads  continued  to  increase  its  efforts  to  encourage  cooperative  com- 
prehensive transportation  planning  properly  integrated  with  land-use  and  de- 
velopment planning  in  urban  areas.  Of  particular  significance  was  a  report  to 
the  President  on  urban  transportation  prepared  jointly  with  the  Housing  and 
Home  Finance  Agency,  described  elsewhere  in  this  report. 

During  the  year  Public  Roads  provided  continuing  assistance  to  the  joint 
committee  on  highways  of  the  American  Association  of  State  Highway  Officials 
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i  and  the  American  Municipal  Association,  and.  to  the  AASHO  urban  transporta- 
tion planning  committee.  Advisory  staff  assistance  also  was  provided  to  the 
highway  committee  of  the  American  Municipal  Associatioji  and  the  suburban 
committee  of  the  National  Association  of  County  Engineers. 

Public  Roads  endorsed  and  was  actively  supporting  an  Action  Program  to 
promote  cooperative  urban  transportation  planning  and  the  development  of  im- 
plementation programs,  which  was  jointly  initiated  during  the  year  by  the 
American  Association  of  State  Highway  Officials,  the  American  Municipal  As- 
sociation, and  the  National  Association  of  County  Officials.  The  Action  Pro- 
gram was  being  directed  initially  at  cities  having  populations  of  50,000  to  250,000. 
Public  Roads  assisted  in  organizing  regional  meetings  to  stimulate  interest  on 
the  part  of  local  officials,  and  was  providing  technical  assistance  to  pilot  studies 
initiated  in  selected  cities  to  demonstrate  organizational  and  technical 
procedures. 

Concentrated  training  courses  were  being  conducted  by  Public  Roads  for  its 
own  and  State  highway  department  professional  personnel  on  the  latest  tech- 
niques used  in  urban  transportation  planning.  The  initial  training  effort  con- 
sisted of  two  2-week  courses  covering  traffic  assignment  and  forecasting  with 
particular  emphasis  on  practical  application  of  techniques  using  electronic 
computers.  The  training  program  included  discussions  of  the  elements  of  the 
urban  transportation  planning  process  such  as  transportation,  land  use,  socio- 
economic aspects,  etc.,  and  detailed  instruction  on  inventories,  data  analysis, 
traffic  assignment,  trip  generation,  forecasting,  modes  of  travel,  trip  distribution 
by  both  growth-factor  and  mathematical-model  techniques,  determination  of 
future  travel  demands,  and  the  preparation  and  evaluation  of  alternate  plans. 
These  courses  were  scheduled  to  be  repeated  every  4  months.  Technical  assist- 
ance also  was  provided  to  individual  States. 

Comprehensive  transportation  planning  studies  were  started  with  Public 
Roads  cooperation  in  16  cities,  bringing  the  total  of  such  studies  to  186,  of 
which  30  are  repeat  surveys.  Studies  were  underway  in  55  urban  areas.  Of 
special  note  was  the  study  undertaken  in  the  New  York  metropolitan  area  of 
New  York,  New  Jersey,  and  Connecticut,  the  Nation's  largest  urban  complex. 
The  Governors  of  the  three  States,  at  a  joint  meeting  on  August  30,  1961,  estab- 
lished the  Tri-State  Transportation  Committee  with  the  responsibility  of  con- 
ducting a  broad-scale  examination  of  the  problem  and  making  i^ecommenda- 
tions  for  meeting  the  region's  immediate  and  long-term  transportation  needs. 
Continuing  transportation  planning  studies  were  in  progress  in  Chicago,  Detroit, 
Minneapolis-St.  Paul,  Pittsburgh,  and  Washington,  D.C.  In  addition  to  such 
comprehensive  studies,  several  cordon- type  roadside  interview  studies  were  con- 
ducted in  smaller  cities  and  six  parking  studies  were  completed  or  initiated 
during  the  year. 

Cooperation  with  the  Housing  and  Home  Finance  Agency  continued  through 
regular  meetings  of  joint  committees  both  in  Washington  and  in  the  regional 
offices.  Each  agency  keeps  the  other  informed  of  its  programs,  and  their  regional 
joint  committees  have  actively  encouraged  the  State  highway  departments  and 
State  planning  agencies  to  coordinate  their  urban  planning  programs.  Joint 
financing  was  established  in  9  planning  studies  diu'ing  the  fiscal  year,  bringing 
the  total  of  such  cooperatively  financed  studies  to  19. 

Electronic  computer  programs  developed  for  the  assignment  of  traffic  to  an 
urban  highway  network  were  improved  and  converted,  with  the  cooperation 
of  other  agencies,  to  a  faster  computer,  decreasing  the  computer  running  time 
by  one-fifth.  An  intermediate  computer  monitoring  system  was  developed  for 
these  and  other  programs,  eliminating  the  need  for  human  monitoring.  Several 
additional  computer  programs  were  written  to  edit  and  summarize  origin  and 
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destination  survey  cards.  The  editing  programs  rearrange  tlie  data  in  a  stand- 
ard output  format  for  summary  and  other  processing.  An  analytical  procedure 
was  being  developed  to  delineate  route  locations  from  future  travel  desires  in 
an  urban  area,  providing  greater  refinement  in  determining  route  locations. 

Plans  were  being  made  to  improve  vipon  and  also  to  develop  new  techniques, 
using  electronic  computers,  for  urban  transportation  planning  processes  and 
for  evaluating  a  transportation  plan  by  5-year  increments. 

Urban  planning   research 

Public  Roads'  urban  planning  research  during  the  year  was  directed  toward 
the  continuing  development  of  basic  data,  techniques,  and  procedures  for  a 
rational  process  of  comprehensive  urban  transportation  planning,  in  particu- 
lar those  related  to  estimating  the  future  travel  demands  of  our  increasing 
urban  population.  Carrying  out  these  functions  will  require  the  development 
and  improvement  of  data-collecting  and  planning  techniques  through  the  appli- 
cation of  modern  statistical  methods,  full  utilization  of  high-speed  data  process- 
ing equipment,  and  the  design,  testing,  and  use  of  mathematical  models  wherever 
possible.  The  introduction  of  new  engineering  skills  and  of  disciplines  not 
heretofore  generally  associated  with  transportation — for  example,  that  of  the 
geographer  and  the  sociologist — as  well  as  that  of  the  economist  and  planner, 
will  be  needed.  The  gap  between  the  conceptual  approach  of  the  city  and  met- 
ropolitan area  planners  and  the  quantitative  appi*oach  of  the  highway  planner 
must  be  bridged. 

Public  Roads  and  the  Pennsylvania  Department  of  Highways  continued  a 
cooperative  study  aimed  at  testing  and  evaluating  mathematical  models  or  for- 
mulas to  simulate  urban  trip  interchanges.  The  trip  interchanges  determined 
by  the  various  models  will  be  compared  with  known  trip  interchanges  as  deter- 
mined by  actual  origin-destination  studies.  This  should  allow  conclusions  to 
be  reached  about  the  reliability  of  the  several  models  now  in  use  in  the  field. 
Three  separate  models  are  under  study — the  "gravity"  model,  the  "opportunity" 
model,  and  the  "competing-opportunities"  model.  The  gravity  model  distributes 
trips  produced  in  one  zone  to  another  zone  in  accordance  with  some  measure 
of  the  relative  trip  drawing  force  of  the  second  zone,  such  as  number  of  em- 
ployees, and  the  relative  spatial  separation  of  the  two  zones,  such  as  the  travel 
time  between  zones.  The  opportunity  model  distributes  trips  on  the  theory 
that  each  zone  has  a  stated  probability  of  being  acceptable  as  a  destination 
for  work,  shopping,  etc.,  and  that  people  want  their  trips  to  be  as  short  as 
possible.  The  probability  that  a  zone  is  acceptable  is  proportional  to  the  size 
of  the  zone  and  inversely  proportional  to  the  trips  which  have  not  yet  found 
a  desired  destination.  The  competing-opportunities  model  theorizes  that  only 
zones  within  specified  time  limits  of  travel  compete  for  trips  from  all  other 
zones,  and  these  zones  compete  in  accordance  with  the  size  of  the  zone. 

Another  Public  Roads  research  project  was  concerned  with  testing  the  effec- 
tiveness of  the  gravity  model  to  forecast  futui*e  travel.  A  gravity  model  was 
being  developed,  using  1948  data  from  the  Washington  Metropolitan  Area  Trans- 
portation Study  and  estimating  trips  for  1955.  These  estimated  trips  will  be 
compared  with  known  trips  reported  by  a  1955  study. 

In  still  another  project  underway.  Public  Roads  sought  to  develop  electronic 
computer  programs  for  use  in  forecasting  future  travel.  Programs  were  devel- 
oped during  the  year  to  tabulate  and  determine  information  used  in  the  gravity 
model  method  of  forecasting  traffic. 

A  study  sponsored  by  Public  Roads  at  the  University  of  North  Carolina  was 
concerned  with  the  identification  and  quantification  of  the  key  factors  that 
influence  the  location,   amount,  type,  and  intensity  of  urban  residential  land 
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development.  A  land  development  model  will  be  formulated  that  may  make 
possible  an  analytical  approach  to  forecasting  urban  residential  land  devel- 
opment. 

A  project  underway  at  the  University  of  Pennsylvania  with  Public  Roads 
cooperation  involves  the  investigation  of  the  length  of  urban  trips  classified 
according  to  location  and  type  of  land-use  activity  at  trip  origin  and  destina- 
tion, trip  purpose,  and  mode  of  travel.  Length  is  measured  in  terms  of  over- 
the-road  distance,  airline  distance,  travel  time,  and  travel  cost. 

The  University  of  Arkansas  was  conducting  a  study  for  Public  Roads,  leading 
to  the  development  and  establishment  of  more  effective  guidelines  and  proce- 
dures for  coordinating  transportation  and  urban  planning  in  small  cities  and 
the  means  for  implementing  them. 

Current   planning  activities 

The  State  highway  departments,  with  Public  Roads  cooperation,  continued  a 
variety  of  current  highway  planning  survey  activities.  Road  inventory  informa- 
tion on  rural  roads  and  main  city  streets  was  updated  in  46  States  and  Puerto 
Rio  during  the  year.  The  data  thus  obtained  are  used  for  determining  needs 
and  deficiencies  of  the  highw^ay  network  in  each  State.  Some  390  county  high- 
way maps  were  completed  by  3.5  States.  Also  completed  were  19  State  highway 
maps,  34  State  traffic  maps,  283  county  traffic  maps,  and  1,434  maps  of  cities 
and  incorporated  places. 

Bridge  records  and  index  maps  were  being  revised  on  a  continuing  basis  as  a 
defense  requirement.  These  records  reflect  limitations  of  all  routes  that  may 
be  used  for  defense  shipments  or  for  movement  of  troops  or  military  equipment 
during  emergencies  ;  they  also  are  used  for  tactical  planning. 

The  comprehensive  inventory  of  the  Interstate  System  traveled  way  was 
continued,  with  many  States  completing  the  first  year's  study.  Analysis  of 
the  data  on  a  nationwide  basis  was  underway. 

Traffic  data  from  more  than  1,800  continuous  traffic  count  stations  were 
analyzed  during  the  year  to  develop  trends  in  highway  traffic  volumes.  Highway 
travel  on  all  roads  and  streets  increased  by  2.6  percent  during  the  year.  The 
travel  increase  on  rural  roads  was  also  2.6  percent,  compared  to  2.5  percent 
on  city  streets. 

In  the  continuing  effort  to  improve  the  accuracy  of  estimates  of  traffic  volumes, 
additional  data  were  amassed  in  the  study  of  reliability  of  the  annual  rate  of 
change  of  traffic  volumes  on  rural  roads  as  determined  by  data  from  continuous- 
count  traffic  recorders.  Traffic  comiting  in  urban  areas  was  further  extended. 
Special  emphasis  was  placed  on  the  means  of  obtaining  comparative  measures 
of  traffic  volumes  along  the  Interstate  System  to  determine  traffic  growth  on 
the  routes  with  respect  to  the  corridors  in  which  they  lie.  Frequency  distribu- 
tion analyses  w'ere  made  of  hourly  traffic  volumes  at  selected  continuous-count 
stations  grouped  according  to  highway  system,  average  daily  traffic,  number  of 
lanes,  and  direction  of  travel.  Hourly  volumes  expressed  as  a  percentage  of 
average  daily  traffic,  and  the  frequency  of  occurrence  of  these  volumes,  will  be 
correlated  with  speed  data  for  motor-fuel  consumption  studies.  In  one  State  a 
reduction  of  two-thirds  of  effort  in  editing  traffic-count  field  reports  was  achieved 
by  the  installation  of  quality  control  methods,  utilizing  a  computer. 

Manual  vehicle  classification  counts  conducted  in  33  States  indicated  that 
9.8  percent  of  all  passenger-car  travel  was  by  vehicles  smaller  than  the  "stand- 
ard" American  passenger  car.  In  all  but  5  States,  compact  cars  comprised  a 
greater  proportion  of  the  out-of-State  passenger  cars  than  they  did  of  the 
in-State  passenger  cars. 
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Motor-vehicle-use  studies 

Analyses  of  the  data  collected  In  Statewide  interview  studies  of  the  charac- 
teristics of  motor-vehicle  ownership  and  use,  which  were  conducted  in  24  States 
since  1951,  were  completed  in  22  States.  These  have  been  supplemented  with 
nationwide  data  on  motor-vehicle  ownership  and  travel  characteristics  collected 
during  the  fall  of  1959  and  the  spring  of  1961  by  the  Bureau  of  the  Census  for 
Public  Roads.  The  information  available  from  the  two  types  of  studies  was 
being  synthesized  and  summarized  by  the  Public  Roads  research  staff. 

From  the  census  study  it  was  possible  to  develop  motor-vehicle  travel  patterns 
by  day  of  the  week.  Although  the  greatest  percentage  of  automobile  trips  was 
customarily  made  on  Saturdays,  the  greatest  percentage  of  average  automobile 
travel  was  generated  on  Sunday  trips.  Saturday  trips  accounted  for  15  percent 
of  the  trips  made  during  the  average  week  and  16  percent  of  the  travel; 
the  average  weekday — Monday  through  Friday — accounted  for  about  14  per- 
cent of  the  trips  and  13  percent  of  the  travel;  the  average  Sunday  accounted 
for  only  13  percent  of  the  trips  but  generated  17  percent  of  the  travel.  For 
Monday  through  Friday  the  average  length  of  trip  was  from  7.0  to  7.8  miles ; 
for  Saturday,  8.3  miles ;  for  Sunday,  10.6  miles. 

Certain  types  of  travel,  such  as  from  home  to  work,  were  concentrated  pri- 
marily during  weekdays ;  other  types,  such  as  shopping  and  family  business, 
were  concentrated  on  Saturdays ;  while  others,  such  as  trips  for  educational, 
civic,  religious,  social,  and  recreational  purposes,  were  concentrated  on  Sunday. 
In  some  instances,  these  concentrations  were  rather  striking.  Trips  to  work 
represented  from  16  to  20  percent  of  all  trips  made  on  weekdays,  but  only  9 
percent  on  Saturdays  and  less  than  3  percent  on  Sundays.  More  than  28  per- 
cent of  all  shopping  trips  were  made  on  Saturdays ;  the  weekday  percentages 
varied  from  a  low  of  11  percent  on  Tuesday  and  Wednesday  to  a  high  of  nearly 
20  percent  on  Friday ;  and  less  than  5  percent  were  on  Sundays.  The  percentage 
of  trips  for  social  and  recreational  purposes  was  lowest  on  Mondays  and  Tues- 
days, when  it  was  about  9  percent ;  gradually  built  up  to  13  percent  on  Fridays ; 
and  reached  21  percent  on  Saturdays  and  28  percent  on  Sundays.  The  influence 
of  school  and  church  on  the  driving  habits  of  American  families  was  reflected 
in  the  distribution  of  trips  for  educational,  civic,  and  religious  purposes:  Less 
than  6  percent  of  such  trips  were  made  on  Saturdays ;  the  weekday  average 
was  from  10  to  13  percent ;  and  38  percent  of  such  trips  was  made  on  Sundays. 

Highway  Design 

Public  Roads  continued  its  close  collaboration  with  the  State  highway  de- 
partments in  evolving  suitable  geometric  and  structural  highway  designs,  par- 
ticularly for  freeways  in  urban  and  suburban  areas  where  the  situation  is 
often  complex  because  of  large  traffic  volumes,  costly  right-of-way,  and  the 
need  for  providing  both  local  and  through  service.  The  State  highway  depart- 
ments were  emphasizing  the  selection  of  appropriate  interchange  designs 
properly  spaced  to  provide  safe  operation,  to  avoid  excessive  costs,  and  to  ac- 
commodate the  expected  future  traffic  volumes. 

In  rural  areas  there  was  an  increasing  use  of  independent  roadway  design 
in  which  each  of  the  two  roadways  of  a  divided  highway  is  designed  as  a 
separate  unit,  resulting  in  variable  widths  of  median  areas  and  variations  in 
the  adjacent  grades.  This  concept,  when  properly  applied  in  rural  areas  having 
rolling  or  hilly  terrain,  often  provides  a  safer  and  more  attractive  highway  at 
no  extra  cost.  An  Interstate  System  route  of  this  type  in  Maine  received  na- 
tionwide attention  as  a  prize-winning  example  of  a  high-type,  pleasant-to-view 
highway. 
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Emphasis  was  being  placed  on  tlie  relationship  of  geometric  design  to  and 
its  suitability  for  clear,  lucid  signing  and  marking.  On  high-type  highways 
there  was  a  trend  toward  the  use  of  full-width  paved  shoulders  of  contrasting 
texture  and  color ;  speed-change  lanes  of  a  more  tapered  design  ;  and  interchanges 
that  avoid  major  weaving  movements  across  the  through  traffic  lanes.  As  sub- 
stantial-length sections  of  Interstate  highways  were  opened  to  traffic  the 
operational  functioning  of  their  location  and  design  details  were  being  checked 
in  detail,  to  ensure  that  the  planned  concepts  of  efficiency,  safety,  and  ease  of 
traffic  operation  were  being  attained. 

As  noted  elsewhere  in  this  report,  all  highway  agencies — State,  city,  and 
county — were  being  urged  to  put  into  effect  the  standards  of  the  new  Manual 
on  Uniform  Traffic  Control  Devices  and  to  engage  in  a  program  to  attain  better, 
modern  traffic-control  devices  on  all  highways  by  1966.  Public  Roads  was 
assisting  in  all  respects  in  such  a  program,  including  approval  of  Federal-aid 
financing  of  projects  for  such  modernization  on  the  Federal-aid  systems.  Par- 
ticularly on  the  Interstate  System,  the  need  for  and  placement  of  signs  was 
being  treated  as  an  integral  part  of  highway  design. 

Design  standards,  policies,   and  guides 

Public  Roads  engineers  continued  cooperative  assistance  to  committees  of  the 
American  Association  of  State  Highway  Officials  in  the  development  of  design 
standards,  guides,  and  policies.  During  the  year  AASHO  completed  and  pub- 
lished An  Informational  Guide  on  Air  Rights  Above  and  Below  Interstate 
Higliways,  which  outlined  the  conditions  under  which  there  might  be  use  of  the 
space  above  a  depressed  or  below  an  elevated  section  of  Interstate  highway. 
However,  the  guide  was  withdrawn  by  AASHO  in  June  1962  after  issuance  of  a 
Public  Roads  administrative  statement,  based  on  the  AASHO  policy,  which 
specified  the  conditions  for  Federal  approval  of  airspace  use. 

During  the  year  the  AASHO  Informational  Guide  on  Services  to  Motorists  on 
Interstate  Highways  was  completed  and  published.  This  guide  reviews  the 
problems  of  the  State  highway  departments  that  have  been  found  to  be  inherent 
in  the  operation  of  long  stretches  of  Interstate  highways  open  to  traffic,  with 
regard  to  normal  services  and  emergency  assistance  for  motorists  and  vehicles 
and  to  freeway  patrolling  by  police  and  maintenance  vehicles.  A  major  sug- 
gestion made  is  that  the  State  highway  departments  establish  units  or  officials 
with  responsibility  for  the  coordination  needed  to  resolve  such  problems. 

Also  completed  and  issued  was  the  AASHO  Policy  on  Uniform  Distress  Signals 
for  Motorists  on  Freeivays.  AASHO  acted  to  give  national  recognition  to  the 
hood-up,  white-cloth-on-side  distress  signal,  together  with  other  safety  procedures 
to  follow  when  a  vehicle  has  to  stop  on  a  freeway. 

During  the  year  AASHO  completed  and  adopted  Geometric  Design  Standards 
for  Higlnvays  Other  Than  Freeivays.  This  superseded  previous  AASHO 
standards  for  primary  and  secondary  highways.  The  new  standards  incor- 
porate several  changes,  including  a  new  height  criterion  for  measurement  of 
sight  distance  and  upgraded  dimensions  for  low-volume  roads,  that  are  expected 
to  improve  highway  safety.  Work  was  completed  on  a  Guide  for  Roadside 
Telephones  and  Emergency  Communication  Devices  for  Motorists  on  Interstate 
Freeways,  which  outlines  the  general  conditions  under  which  public  pay  tele- 
phones and  emergency  calling  devices  might  be  considered  for  installation  along 
Interstate  highways.  Experience  thus  far  is  not  sufficient  to  lead  to  a  more 
definite  policy  or  standards. 

Work  was  continued  on  studies  leading  toward  guides  on  control  of  headlight 
glare  on  divided  highways  and  on  design  of  crossroads  near  freeway  inter- 
changes, although  available  data  and  experience  as  yet  do  not  point  to  definitive 
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conclusions.     Studies  were  started  on  the  problems  of  geometric  and  structural 
design  of  frontage  roads. 

Using  the  tremendous  amount  of  data  made  aA'ailable  through  the  AASHO 
Road  Test,  a  guide  procedure  for  the  design  of  flexible  pavements  for  highways 
was  developed  by  the  AASHO  committee  on  design.  The  guide  was  approved 
by  AASHO  and  is  now  in  trial  use  by  the  State  highway  departments.  This 
document  for  the  first  time  provides  adequate  tools  for  designing  a  flexible 
pavement,  taking  into  account  the  many  existing  variables  and  assigning  a  value 
to  each  to  arrive  at  a  total  surface  design  commensurate  with  the  number  and 
weight  of  wheel-load  applications  anticipated.  The  guide  has  been  widely  ac- 
claimed for  its  value  to  highway  designers. 

Bridge  Design 

Close  cooperation  continued  between  Public  Roads  and  the  States  in  the 
planning  and  construction  of  highway  bridges  in  the  Federal-aid  program,  and 
furnished  technical  assistance  on  bridge  planning  and  construction  for  the 
Inter- American  Highway  and  to  three  other  foreign  countries. 

A  number  of  noteworthy  bridges  were  in  the  design  or  construction  stages 
in  the  Federal-aid  program.  An  8-lane,  127-foot  wide  deck  plate-girder  bridge 
over  the  Rouge  River  in  Detroit,  Mich.,  will  be  8,627  feet  long,  with  the  main 
structure  over  the  river  consisting  of  225,  300,  and  225-foot  continuous  spans. 
A  6-lane  bridge  over  the  Schuylkill  River  at  Girard  Point  in  Philadelphia,  Pa., 
will  have  a  length  of  9,716  feet  of  which  2,700  feet  will  be  beam  spans ;  3,536 
feet,  plate-girder  spans ;  and  2,480  feet,  truss  spans.  The  3-span  continuous 
truss  striicture  over  the  river  will  have  span  lengths  of  340,  700,  and  340  feet. 
The  Tanana  River  Bridge  near  Nenana,  Alaska,  will  consist  of  two  500-foot 
simple  through-truss  spans  and  a  90-foot  end  span,  with  a  30-foot  roadway. 

The  Philippine  Republic,  in  the  previous  year,  had  obtained  a  World  Bank  loan 
of  which  $9  million  was  earmarked  for  bridge  material  and  equipment.  Public 
Roads  was  requested  to  procure  this  material.  Bids  were  received  and  evalu- 
ated and  contracts  were  awarded  to  fabricators  in  this  country  and  Great  Brit- 
ain.    Public  Roads  was  checking  shop  drawings  and  making  shop  inspections. 

Public  Roads  completed  work  on  an  enlarged  and  revised  edition  of  its  pub- 
lication, Standard  Plans  for  Hiffliwaij  Bridge  Superstructures .  The  new  stand- 
ard plans  will  be  printed  in  four  separate  parts:  concrete  superstructures, 
standard  steel  superstructures,  timber  bridges,  and  typical  continuous  bridges. 
In  connection  with  this  work  two  electronic  computer  design  programs  were 
prepared,  one  for  composite  I-beam  bridges  and  one  for  noncomposite  welded 
plate-girder  bridges. 

A  draft  of  a  highway  bridge  construction  manual  was  developed  by  Public 
Roads  for  the  operating  committee  on  bridges  and  structures  of  the  American 
Association  of  State  Highway  Officials. 

A  Public  Roads  publication.  Design  Charts  for  Open-Channel  Flow,  was  com- 
pleted and  printed.  Several  hydraulic  engineering  circulars,  including  one  on 
hydraulic  charts  for  the  selection  of  highway  culverts  and  one  on  design  of  road- 
side drainage  channels,  also  were  prepared  and  distributed.  Seminars  on  hy- 
draulic problems  related  to  highways  were  conducted  in  four  regional  field 
offices  in  cooperation  with  the  State  highway  departments  for  the  purpose  of 
training  personnel  and  promoting  good  drainage  design. 

Work  was  continued  on  studies  of  the  use  of  two  new  steels  which  will  bring 
economies  in  Federal-aid  bridge  construction.  The  American  Society  for  Test- 
ing and  Materials  specifications  for  heat-treated  alloy  steels  with  yield  point 
values  of  90,000-100,000  p.s.i.  were  promoted  to  final  acceptance  in  cooperation 
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This  two-span,  double-deck  steel-arch  bridge  carries  Interstate  Route  64  across 
the  Ohio  River,  connecting  Louisville  and  New  Albany.  Built  jointly  by 
Indiana  and  Kentucky,  the  bridge  and  its  approaches  cost  $12  million.  At 
the  close  of  the  fiscal  rear  the  upper  deck  was  still  under  construction.  The 
lower  deck  was  in  use  and  had  already  greatly  relieved  traffic  congestion  in 
the  area.  This  bridge  ivon  a  national  award  as  the  most  beautiful  structure 
in  its  class. 


with  steel  producers  and  consumers.  A  new  structural  steel  specification  requir- 
ing improved  chemical  controls  was  developed  to  provide  steel  acceptable  for 
both  riveted  and  welded  bridges.  This  specification  will  provide  a  steel  of 
higher  yield  strength  than  the  old  structural  carbon  steels,  permitting  higher 
working  stresses  and  substantial  savings  since  it  will  cost  about  the  same  as  the 
lowest  price  structural  steel  now  used.  It  also  will  simplify  steel  construction 
practices  by  eliminating  two  current  grades  of  steel. 

Increased  use  of  aluminum  in  highway  construction  required  coordination  by 
Public  Roads  of  the  materials  appropriate  for  various  applications.  A  listing 
of  suitable  alloys  was  prepared  in  cooperation  with  industry  and  Government 
agencies. 

A  proposed  specification  for  the  design  of  bridge  railings  was  presented  to  the 
American  Association  of  State  Highway  Officials  for  study. 

Research  was  underway  in  cooperation  with  the  Reinforced  Concrete  Research 
Council  and  Cornell  University  to  increase  tensile  working  stresses  of  high 
strength  reenforcement  without  abnormal  cracking  or  jeopardizing  the  integrity 
of  reinforced  concrete  structures. 

Public  Roads  continued  participation  with  the  Portland  Cement  Association 
and  several  State  highway  departments  in  a  cooperative  investigation  of  rein- 
forced concrete  bridge  decks  to  determine  the  causes  and  extent  of  deck  deteriora- 
tion and  to  find  means  of  improving  service  life  on  future  construction. 

Other  bridge  research  is  described  elsewhere  in  this  report. 
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These  two  pairs  of  twin  bridges  on  Interstate  Route  90  in  Wisconsin  illustrate 
both  the  functional  grace  and  the  diversity  of  design  with  which  bridge 
builders  fit  structures  to  location  needs.  The  girtler  bridges  supported  on 
piers  cross  the  Wisconsin  River;  the  steel  arches  span  Mirror  Lake  near  the 
Wisconsin  Dells.  These  bridges  are  part  of  a  55-mile,  $32  million  section 
of  Interstate  90  between  Madison  and  the  Dells,  opened  to  traffic  in  October 
1961. 
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Right-of-Way  Acquisition 

During  the  year  virtually  all  State  highway  departments  adopted  revisions 
in  their  organizations,  policies,  and  procedures  in  the  acquisition  of  highway 
right-of-way  for  Federal-aid  highway  projects.  The  changes  reflected  a  steady 
overall  improvement  in  right-of-way  administration.  Most  States  had  developed 
right-of-way  manuals  to  increase  the  quality  and  uniformity  of  their  operation. 
With  the  cooperation  of  Public  Roads  many  States  also  established  or  improved 
their  property  management  operations. 

Procedures  were  instituted  for  inspections  in  depth  of  right-of-way  operations, 
designed  to  assure  that  the  State  highway  organizations  are  making  full  use  of 
all  essential  improvements  in  procedures  and  to  uncover  and  correct  deficiencies 
in  State  right-of-way  operations. 

To  satisfy  the  need  for  appraisers  and  other  right-of-way  personnel,  Public 
Roads  assisted  the  State  highway  departments  in  intensive  training  programs. 
This  subject  and  right-of-way  research  are  discussed  elsewhere  in  this  report. 

Use   of  Air  Space   on   the   Interstate   System 

Pursuant  to  authority  granted  by  Congress  in  the  Federal- Aid  Highway  Act 
of  1961,  Public  Roads  issued  standards  to  guide  the  State  highway  depart- 
ments in  allowing  use  of  air  space  on  the  Interstate  System.  The  use  of  space 
above  and  beneath  urban  freeways  for  commercial  or  residential  purposes,  in 
addition  to  parking,  is  considered  to  be  one  possible  answer  to  problems  faced 
by  the  cities  as  a  result  of  the  need  for  developable  land,  the  displacement  of 
people  by  highway  construction,  and  the  conversion  of  land  use  to  highways. 

Public  Roads  standards  on  air  space  usage  are  aimed  primarily  at  preventing 
any  interference  with  the  full  use  and  safety  of  the  Interstate  highways,  and 
each  proposal  for  such  use  must  be  approved  by  the  Federal  Highway  Admin- 
istrator.    Federal-aid  highway  funds  may  not  be  used  to  pay  for  any  additional 


Municipal  parking  facilities  established  by  the  city  under  twin  viaducts  carry- 
ing Interstate  Route  4  in  Orlando,  Fla.,  have  greatly  relieved  the  downtown 
parking  problem.  Federal-aid  funds  may  not  be  used  for  such  facilities, 
but  Public  Roads  encourages  use  of  airspace  above  or  below  Interstate 
highways. 
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highway  costs  occasioned  by  authorized  air  space  use.  On  the  other  hand,  dis- 
position of  any  income  resulting  from  use  of  Interstate  highway  air  space  is 
left  to  the  State. 

Control  of  Outdoor  Advertising  on  the  Interstate  System 

Congress  declared  in  the  Federal-Aid  Highway  Act  of  1958  that  it  is  in  the 
public  interest  to  encourage  and  assist  the  States  in  controlling  outdoor  adver- 
tising along  the  Interstate  System.  Any  State  entering  into  an  agreement  with 
the  Secretary  of  Commerce  by  June  30,  1963,  to  regulate  outdoor  advertising 
will  i-eceive  an  additional  one-half  of  1  percent  in  the  Federal  share  of  the  cost 
of  Interstate  projects  affected.  Vermont  entered  into  such  an  agreement  during 
the  fiscal  year,  bringing  the  total  number  of  States  that  have  done  so  to  16. 
Judging  from  the  widespread  interest  shown  in  this  matter,  it  is  expected  that 
appropriate  enabling  legislation  to  control  outdoor  advertising  will  be  con- 
sidered in  many  of  the  State  legislatures  at  their  1963  sessions. 

Navigational   Clearance   Requirements 

During  the  year  Public  Roads  continued  its  efforts  to  obtain  greater  recog- 
nition of  highway  transportation  needs  in  the  planning  and  management  of 
water  resources  development  projects.  A  major  accomplishment  of  the  year  was 
the  development  and  issuance  by  the  U.S.  Corps  of  Engineers  of  a  revised  regula- 
tion covering  the  economic  analysis  methods  to  be  used  in  determining  vertical 
navigation  clearances.  This  manual  should  result  in  the  establishment  of  verti- 
cal bridge  clearances  that  are  in  the  best  interest  of  the  Nation  as  a  whole. 

Another  accomplishment  was  the  obtaining  of  recognition  by  the  several  water 
resources  development  agencies  of  the  necessity  of  considering,  in  the  economic 
analysis  of  water  resources  development  projects,  the  increase  in  highway 
transportation  costs  brought  about  by  water  resources  developments ;  and  the 
necessity  of  providing  for  advance  participation  by  the  water  resources  devel- 
opment agencies  in  the  construction  or  reconstruction  of  transportation  facilities 
that  traverse  areas  needed  for  future  water  resources  development  projects. 

Highway  Roadside   Development 

Public  roads  continued  its  cooperation  with  committees  of  the  American  As- 
sociation of  State  Highway  Officials  in  the  preparation  of  a  landscape  design 
guide  to  assist  the  States  in  applying  the  AASHO  Policy  on  Landscape  Develop- 
ment, with  emphasis  on  functional  planting  in  urban  areas. 

Cooperative  work  was  continued  with  State  highway  departments  and  industry 
toward  the  improvement  of  materials  and  methods  for  preventing  or  reducing 
soil  erosion.  Field  demonstrations  of  new  materials  produced  by  the  paper, 
fabric,  and  milling  industries,  and  the  application  of  seed  by  airplane,  offered 
possibilities.  Under  cooperative  agreements  with  14  State  highway  departments, 
special  studies  were  continued  on  the  control  of  erosion,  roadside  planting  for 
snow  control,  environmental  requirements  of  plants,  and  roadside  mowing 
practices. 

Use   of   Aerial  Surveys 

In-service  training  in  the  principles  and  procedures  of  using  aerial  surveys 
was  given  to  engineers  from  the  States,  other  countries,  and  field  offices  of  Public 
Roads.    Two  special  schools  and  three  1-week  courses  were  conducted. 
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Cousultation  service  was  furnished  as  requested  by  tlie  States  and  other 
countries  in  the  preparation  of  detailed  specifications  for  and  cost  estimates  of 
making  aerial  surveys  for  highvpay  location  and  design  purposes,  and  in  provid- 
ing specific  data  on  potential  borrow  sites  for  suitable  subgrade  materials.  Aerial 
survey  data  were  provided  to  assist  in  locating  a  60-mile  Interstate  project. 

Aerial  photographic  interpretation  surveys  using  aerial  color  photography  were 
being  used  increasingly  to  determine  soil  and  ground  conditions  and  to  locate 
sources  of  highway  construction  materials. 

Highway  Needs   of  the  National  Defense 

Close  coordination  continued  between  Public  Roads  and  defense  agencies  rel- 
ative to  matters  of  joint  interest.  During  the  year,  with  the  cooperation  and  on 
behalf  of  the  Department  of  Defense,  the  selection  of  Interstate  routes  to  be  de- 
veloped with  16-foot  vertical  clearance  around  large  urban  areas  and  connectors 
between  Interstate  routes  and  major  port  areas  was  substantially  completed. 
Numerous  analyses  were  made  for  the  Department  of  Defense  on  such  problems 
as  the  transportability  of  special  military  vehicles  such  as  the  Minuteman  trans- 
porter-erector, and  the  capability  of  existing  routes  and  the  construction  of 
special  routes  to  carry  oversize,  overweight  vehicles. 

Coordination  with  defense  agencies  also  was  continued  in  plans  for  operational 
readiness  throughout  the  highway  field  to  meet  a  national  emergency. 

Defense  access,  replacement,  and  maneuver  roads 

Public  Roads  and  State  and  local  highway  departments  continued  to  cooperate 
in  providing  adequate  highways  to  service  defense  installations  and  activities. 
Funds  for  those  improvements  that  cannot  be  appropriately  financed  under  the 
regular  highway  progi-ams  are  transferred  to  Public  Roads  by  defense  agencies. 
Both  engineering  and  construction  usually  are  handled  by  highway  departments 
under  the  same  procedures  as  regular  Federal-aid  highway  programs. 

During  the  fiscal  year,  funds  transferred  by  the  Department  of  Defense 
included  $1,470,385  from  the  Department  of  the  Army,  $1,610,000  from  the  Depart- 
ment of  the  Navy,  and  $9,185,766  from  the  Department  of  the  Air  Force,  a  total 
of  $12,266,151.  The  Atomic  Energy  Commission  also  transferred  $917,000  to 
finance  one  project  and  the  National  Aeronautics  and  Space  Administration 
transferred  $210,000  to  finance  two  projects. 

During  the  year  75  projects  serving  defense  installations  were  completely 
financed  at  a  total  cost  of  $15.6  million,  financed  from  funds  transferred  by  the 
Department  of  Defense,  AEC,  and  NASA.  At  the  close  of  the  year,  preliminary 
engineering  costing  $444,035  and  right-of-way  acquisition  costing  $63,058  were 
programed  on  three  additional  defense  projects.  These  projects  had  a  total 
estimated  cost  of  $10.4  million,  of  which  $8.3  million  are  access  funds.  Five 
other  projects  were  certified  as  important  to  the  national  defense,  requiring  an 
additional  $5.1  million  of  defense  access-road  funds  to  complete  the  financing. 
Projects  having  a  total  estimated  cost  of  $19.6  million  and  requiring  $17.3  million 
of  defense  access-road  funds  were  awaiting  certification  by  the  Department  of 
Defense.  Projects  having  a  total  estimated  cost  of  $1.0  million  and  requiring 
$863,000  of  access  funds  had  also  been  referred  to  NASA.  Additional  projects 
were  being  evaluated  by  Public  Roads. 

During  the  year  construction  of  access  roads  serving  Atlas  and  Titan  lOBM 
sites  in  the  vicinity  of  12  air  bases  was  substantially  completed.  Access  roads 
to  such  installations  have  been  completed  at  17  air  bases  in  20  State  and  in- 
volved 101  projects  having  a  length  of  237  miles  and  costing  $10.9  million. 
Public  Roads  continued  to  handle  a  large  volume  of  work  for  the  Department 
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of  Defense  in  connection  witli  Minuteman  missile  installations.  Condition 
surveys  were  completed  for  3,199  miles  of  roads  expected  to  be  used  as  haul 
roads  by  contractors  constructing  installations  at  Ellsworth,  Minot,  and  White- 
man  Air  Force  Bases.  Two  high  priority  defense  projects  providing  for  low- 
type  improvement  of  511  miles  of  public  highways  at  a  cost  of  $1.4  million,  to 
serve  contractors'  heavy  hauling  requirements,  were  completed  at  Minot  and 
Whiteman  Air  Force  Bases  within  a  few  months  after  being  requested  by  the 
Department  of  Defense.  Construction  of  permanent  improvements  on  1,637 
miles  of  roads  to  serve  operational  needs  of  sites  at  Malmstrom,  Ellsworth, 
and  Minot  Air  Force  Bases  was  started.  These  were  estimated  to  cost  $10.6 
million.  An  additional  $1.5  million  was  programed  for  the  complex  at  Whiteman 
Air  Force  Base  for  preliminary  engineering,  right-of-way,  and  some  construc- 
tion. Estimates  were  prepared  of  the  cost  of  improving  roads  to  meet  site  con- 
tractors' heavy  hauling  needs  and  of  operational  needs  of  additional  Minuteman 
installations  at  five  air  bases.  Public  Roads  engineers  assisted  in  site  feasibility 
studies  for  Minuteman  wings  at  locations  in  15  States,  making  available  their 
knowledge  of  local  road  conditions  and  their  technical  competence. 

Condition  surveys  prior  to  military  maneuvers  were  made  of  State  and  local 
roads  in  the  Peason  Ridge  Artillery  Range  and  the  Kisatchie  National  Forest 
in  Louisiana.  They  will  be  used  as  the  basis  for  road  restoration  upon  termi- 
nation of  maneuvers  staged  by  an  Armored  Division  of  20.000  men.  Prior  to 
maneuvers,  21  bridges  were  strengthened  to  a  60-ton  capacity  at  a  total  cost 
of  $89,324. 

Emergency  planning   and   mobilization  readiness 

Effective  August  1,  1961,  Executive  Order  10952  assigned  to  the  Department 
of  Defense  certain  important  civil  defense  activities,  formerly  the  responsibility 
of  the  Office  of  Civil  and  Defense  Mobilization.  Subsequently,  the  name  of 
OCDM  was  changed  to  the  Office  of  Emergency  Planning,  and  delineation  of  the 
respective  responsibilities  of  these  two  agencies  ensued. 

On  February  16,  1962,  Executive  Order  10999  assigned  emergency  preparedness 
functions  to  the  Secretary  of  Commerce.  Tlie  new  Executive  Order  made  very 
little  substantive  change  in  Public  Roads'  planning  and  preparedness  responsi- 
bilities and  operations.  Public  Roads  therefore  was  able  to  continue  with  little 
change  the  program  of  emergency  readiness  in  which  it  had  already  been  en- 
gaged in  cooperation  with  the  State  highway  departments. 

With  the  continuing  support  of  the  American  Association  of  State  Highway 
Officials,  a  number  of  State  highway  departments  made  good  progress  in  clari- 
fying their  emergency  responsibilities  by  modernization  of  State  operational 
survival  plans. 

The  attainment  of  essential  capability  in  radiological  monitoring  for  the 
protection  of  the  public  traveling  on  highways  in  event  of  enemy  attack  re- 
ceived continuing  attention.  All  Public  Roads  offices  had  some  trained  monitors 
and  the  highway  departments  had  more  than  17,000  trained  monitors.  All  but 
six  State  highway  departments  had  initiated  such  training,  and  the  remainder 
were  planning  to  do  so.  More  monitoi's  will  be  given  initial  training  in  the  com- 
ing year,  and  refresher  training  courses  will  be  given. 

During  the  year,  Public  Roads  developed  a  briefing  program  on  survival  in  the 
event  of  an  enemy  nuclear  attack.  The  program  was  made  available  to  all 
Public  Roads  offices  and  to  the  State  highway  departments.  Nearly  all  employ- 
-ees  of  Public  Roads  had  an  opportunity  to  hear  these  talks,  and  a  number  of 
State  highway  departments  have  used  the  material  for  the  instruction  of  their 
own  employees. 
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Highway   Safety 

Recognizing  the  urgent  need  to  intensify  and  expand  traffic  accident  pre- 
vention programs  throughout  the  United  States,  Public  Roads  establislied  an 
Office  of  Higliway  Safety  on  December  6,  1961.  Its  sp'^cific  responsibilities  in- 
clude maintaining  liaison  with  key  highway  safety  officials  and  organizations, 
both  public  and  private,  and  aiding  them  in  promoting  sound  and  balanced  pro- 
grams which  will  assure  steady  gains  in  highway  safety ;  promoting  the  de- 
velopment and  improvement  of  highway  safety  standards ;  gaining  active  public 
support  for  needed  highway  safety  measures ;  and  coordinating  the  application 
of  results  of  all  public  and  private  research  in  the  highway  safety  field. 

Highway  safety  coordination 

A  Highway  Safety  Coordination  Division  was  being  organized  at  the  end  of 
the  fiscal  year  as  one  of  two  major  units  of  the  Office  of  Highway  Safety.  Its 
branches  will  deal  with  the  traditional  areas  of  highway  safety — education,  en- 
forcement, and  engineering.  In  addition,  the  division  furnishes  staff  services 
to  the  President's  Committee  for  Traffic  Safety  and  to  the  Interdepartmental 
Highway  Safety  Board. 

The  activation  of  the  Interdepartmental  Highway  Safety  Board  was  a  major 
development  during  the  year,  and  gives  leadership  for  a  national  highway  safety 
program.  This  Board,  established  by  Executive  Order  of  the  President,  is  com 
prised  of  the  heads  of  seven  Federal  agencies :  the  Commerce,  Defense,  Health, 
Education,  and  Welfare,  Labor,  and  Post  Office  Departments,  the  General  Serv- 
ices Administration,  and  the  Interstate  Commerce  Commission.  The  Secretary 
of  Commerce  serves  as  chairman.  The  Board  met  for  the  first  time  in  .lune  1962. 
Public  Roads  will  furnish  technical  and  clerical  staff  assistance  to  the  Board 
and  its  working  committees. 

The  President's  Committee  for  Traffic  Safety,  charged  with  the  task  of  mobi- 
lizing public  support  for  its  Action  Program,  was  served  by  Public  Roads  in  a 
number  of  ways  during  the  year.  Under  Federal  legislation,  up  to  .$150,000 
of  Public  Roads  administrative  funds  may  be  used  annually  in  advancing  the 
Action  Program  for  highway  safety.  Public  Roads  provides  technical  and 
clerical  staff,  advice,  and  guidance  to  the  Committee. 

Public  Roads,  through  cooperative  project  grants,  supported  work  in  a  number 
of  areas  of  safety  during  the  year  on  such  subjects  as  uniformity  of  traffic  laws, 
correlation  of  traffic  safety  research,  improvement  of  traffic  court  procedui'es, 
and  improvement  of  motor-vehicle  administration.  In  each  of  these  areas,  a 
going  program  was  assisted  in  preference  to  the  establishment  of  a  competing 
or  duplicating  program. 

Much  of  the  research  described  elsewhere  in  this  report  is  directly  or  indirectly 
related  to  highway  safety. 

National   Driver  Register 

The  National  Driver  Register  Service,  which  began  operation  on  July  1,  1961, 
is  a  voluntary,  cooperative  Federal-State  driver  record  exchange  on  individuals 
whose  driving  privileges  have  been  withdrawn  for  driving  while  intoxicated 
or  for  involvement  in  a  traffic  fatality.  By  the  end  of  the  year  51  States  and 
Territories  were  participating  by  furnishing  information  to  Public  Roads  on 
such  drivers.  More  than  180,000  records  were  accumulated  during  the  fiscal 
year,  and  over  4,000  of  the  drivers  reported  on  were  found  already  to  have 
a  violation  record  in  another  State.  More  than  240,000  searches  were  made 
at  the  request  of  the  States,  as  checks  against  new  license  applications.  These 
searches  resulted  in  identification  of  almost  1.700  drivers  with  records  in  the 
Register. 
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The  Driver  Register  converts  all  media  of  data  transmission,  including  man- 
ually prepared  forms,  punch  cards,  punched  paper  tape,  and  magnetic  tape, 
to  a  format  for  use  in  the  Public  Roads  electronic  computer  system.  Inquiries 
received  during  each  day  are  converted  to  computer  format,  processed  during 
the  night,  and  replies  are  returned  to  the  States  by  air  mail  the  following  day. 
This  service  enables  the  States  to  issue  licenses  without  delay,  while  ensuring 
that  unsafe  drivers  do  not  continue  to  drive  on  the  Nation's  highways  through 
evasion  of  the  safety  provisions  in  State  driver  license  laws.  Identification 
techniques  developed  and  adapted  for  electronic  searching  permit  matching 
names  with  considerable  variations  in  spelling  and  completeness.  A  planned 
delayed-search  technique  has  identified  many  drivers  who  attempted  to  obtain 
a  license  in  another  State  after  arrest  but  before  conviction  in  order  to  techni- 
cally avoid  perjury. 

The  original  Driver  Register  legislation  was  technically  amended  by  Congress 
during  the  year,  to  enable  additional  States  to  participate  in  the  program.  The 
law  now  covers  suspensions  as  well  as  revocations  of  drivers'  licenses. 

Manual  on  Uniform  Traffic   Control  Devices 

Publication  by  Public  Roads  of  the  1961  revised  Manual  on  Uniform  Tra-^c 
Control  Devices  for  Streets  and  Highivays  gave  new  impetus  to  the  standardiza- 
tion of  signs,  signals,  and  pavement  markings  on  American  highways,  particu- 
larly on  the  Federal-aid  systems  where  Public  Roads  concurrence  is  required 
for  all  such  devices.  Early  in  1962  a  series  of  13  regional  meetings  was  spon- 
sored by  Public  Roads  in  cooperation  with  the  State  highway  departments  and 
other  agencies  to  publicize  and  promote  the  use  of  the  manual  by  State  and 
local  authorities.  Nationwide  uniformity  in  the  design  and  use  of  traffic  con- 
trol devices  will  do  much  to  improve  highway  safety. 

Administration  and  Management 

Organization 

The  administration  and  management  of  Public  Roads  operations  and  respon- 
sibilities were  further  improved  by  a  reorganization  of  the  Washington  ofiice 
effected  during  the  fiscal  year.  Two  new  primary  units  were  established  in 
the  Washington  headquarters — an  Ofiice  of  Planning  and  an  Ofiice  of  Highway 
Safety — with  corresponding  realinement  of  various  functions  in  the  headquarters 
organization.  The  Ofiice  of  Planning  will  concentrate  attention  on  the  growing 
need  for  systematic  current  and  long-range  planning  and  programing  in  highway 
development.  The  Office  of  Highway  Safety  will  coordinate  efforts  of  govern- 
mental and  private  agencies  to  alleviate  the  serious  problem  of  accidents  on  the 
Nation's  highways.  The  work  of  both  of  these  offices  is  further  discussed  in 
other  sections  of  this  report. 

During  the  year  the  automatic  data  processing  (ADP)  operation  was  raised 
from  branch  to  division  level.  Its  responsibilities  include  establishing  a  master 
plan  for  an  adequate  ADP  program,  developing  a  basic  system  within  the  frame- 
work of  the  master  plan,  and  providing  systems  analysis  and  design  services 
to  achieve  better  integration  of  program  objectives  and  optimum  use  of  ADP 
facilities. 

Manpower  utilization  and  needs 

A  manpower  utilization  committee  composed  of  capable  Public  Roads  field 
engineers  completed  an  extensive  and  critical  appraisal  of  engineering  manpower 
efficiency  and  needs  in  the  Bureau's  field  offices.  The  committee  made  specific 
recommendations   for   more    effective    use   of   engineering  manpower   and    im- 
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l)roved  management  practices  in  Public  Roads.    Considerable  progress  was  made 
in  implementing  the  committee's  recommendations. 

One  of  Public  Roads'  most  complex  management  problems  has  been  the  ever- 
widening  gap  between  workload  and  engineering  manpower  that  has  been 
developing  since  the  expanded  Federal-aid  program  began  in  1956.  The  commit- 
tee developed  an  empirical  formula  relating  workload  to  engineer  staffing  needs, 
which  was  being  used  to  evaluate  the  number  of  engineer  positions  needed  for  the 
field  operations. 

Financial   management 

Public  Roads'  financial  management  structure  consists  of  three  principal  ele- 
ments— finance,  budget  and  management,  and  program  analysis — which  sup- 
port and  complement  the  development  and  execution  of  the  Bureau's  technical 
programs.  Considerable  operational  impi'ovement  was  made  during  the  fiscal 
year  in  these  areas. 

The  program  analysis  division  was  reconstituted  to  provide  more  effective 
coordination  of  the  "managerial  accounting"  program  for  reporting,  analyzing, 
and  forecasting  financial  trends  of  the  Federal-aid  and  other  highway  programs. 
Centralization  of  Federal-aid  construction  allotments  was  accomplished  in  1962, 
reducing  the  document  flow  between  field  and  Washington  offices  and  increas- 
ing efficiency  in  reporting  the  status  of  Federal-aid  construction  funds.  Pro- 
cedures for  handling  program  analysis  data  were  improved  and  simplified,  and 
various  field  reports  that  provide  source  information  were  revised  to  permit 
more  adaptability  to  and  better  use  of  high-speed  automatic  data  processing 
equipment. 

Public  Roads  initiated  a  procedure  for  handling  all  of  the  financing  of  its 
work  for  the  Agency  for  International  Development  on  a  reimbursable  basis 
rather  than  by  appropriation  account  transfers,  thereby  eliminating  a  great 
deal  of  clerical  detail  and  paperwork. 

Specific  procedures  were  established  for  long-range  budget  and  manpower 
programing,  which  will  serve  as  the  framework  for  formulation  of  budget 
estimates  for  a  5-year  period  beginning  with  fiscal  year  1964.  The  advance 
planning  procedures  involve  forward  budget  projections  to  provide  more  ac- 
curate forecasts  of  needs  and  better  planning  of  manixtwer  and  resources 
utilization. 

Using  the  automatic  data  processing  personnel  accounting  system,  costs  for 
personnel  compensation  and  benefits  were  being  projected  into  future  budgetary 
periods,  thus  providing  accurate  control  of  funds  on  a  current  basis  and  per- 
mitting centralized  allotment  of  these  costs.  The  procedure  eliminated  a  con- 
siderable volume  of  papenvork  and  accounting  processes  in  the  regional  and 
headquarters  offices. 

Centralization  of  the  administrative  payroll  for  the  four  Public  Roads  western 
regions  was  accomplished  during  the  year  through  the  use  of  advanced  com- 
puter facilities,  and  resulted  in  more  efficient  preparation  of  reports  on  various 
payroll  deductions.  This  centralization  also  made  it  possible  to  institute  a 
pilot  procedure  for  streamlining  accounting  procedures  relating  to  distribution 
of  administrative  employee  time,  thus  ensuring  proper  distribution  of  adminis- 
trative costs  between   Federal-aid  and   other  programs. 

During  the  year  continuing  emphasis  was  placed  on  the  cooperative  program 
for  financial  management  improvement  in  State  highway  departments.  Nine 
regional  meetings  were  held,  in  which  Public  Roads  personnel  participated  with 
State  accounting  oflicials.  Public  Roads  personnel  made  financial  manage- 
ment reviews  in  Alaska,  Indiana,  and  Kentucky.  A  long-range  financial  man- 
agement study  in  Iowa,  in  which  Public  Roads  participated,  vpas  completed. 
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A  statistical  sampling  plan  for  use  by  field  auditors  in  auditing  State 
c-laims  for  reimbursement,  developed  after  last  year's  research  in  this  technique, 
was  successfully  field-tested  at  t\A'0  locations  and  was  being  tested  further  in 
several  others. 

Concurrent   audit   plan 

A  concurrent  audit  plan  was  developed  during  the  fiscal  year,  whereby  a 
State's  operating  procedures  and  reimbursable  costs  on  Federal-aid  highway 
projects  are  reviewed  and  audited  by  Public  Roads  auditors  concurrently  with 
the  progress  of  the  work.  Vouchers  submitted  to  Public  Roads  by  the  State 
covering  reimbursement  for  work  done  may  then  be  processed  for  payment 
promptly  upon  receipt.  Benefits  of  this  procedure,  in  addition  to  prompt  pay- 
ments to  the  State,  include  early  reporting  of  audit  exceptions,  better  financial 
and  budgetary  controls,  greater  effectiveness  and  efficiency  of  operations  afforded 
by  more  comprehensive  internal  controls,  and  improved  reporting  to  top  manage- 
ment on  results  of  operations.  By  the  close  of  the  fiscal  year  the  concurrent 
audit  program  had  been  adopted  by  two  States,  partially  implemented  in  a  third, 
and  was  in  the  developmental  stage  in  nine  others.  Thirteen  additional  States 
expected  to  adopt  the  program  during  fiscal  year  1963. 

In  a  separate  but  related  program,  Public  Roads  encouraged  the  States  to 
undertake  the  audit  of  railroad  and  utility  claims  on  Federal-aid  highway 
projects.  Under  this  plan  the  States  assume  responsibility  for  the  audit  of 
railroad  and  utility  claims  and  their  auditing  costs  are  eligible  for  reimburse- 
ment in  the  same  manner  as  other  project  costs.  Five  States  Avere  using  this 
procedure  at  the  close  of  the  fiscal  year  and  21  additional  States  were  expecting 
to  adopt  the  plan  soon. 

Training 

Public  Roads'  well-established  training  program  for  young  engineers  continued 
in  operation.  Two  new  planned  manpower  development  programs  were  also 
underway.  One  of  these,  the  "master's  degree  program,"  consists  of  a  series  of 
assignments  over  an  18-month  period  to  develop  engineers  holding  master's 
degrees  for  specialist  positions  necessary  to  the  highway  programs,  such  as 
planning,  hydraulics,  and  bridge  engineering.  The  other  program,  designed  to 
develop  administrative  executives,  is  recruiting  high-level  college  graduates  into 
a  2-year  specialized  course  in  administrative  management,  with  options  in  per- 
sonnel, finance,  and  administrative  services. 

Workshops  for  division  office  administratiA^e  managers  on  their  audit  and  fiscal 
resixjnsibilities  Avere  conducted  in  6  of  the  10  Public  Roads  regions  during  the 
year.  A  seminar  on  financial  management  problems  and  objectives  Avas  held  in 
Washington  for  regional  assistant  executive  officers  and  senior  auditors. 

Some  of  the  many  other  training  programs  conducted  by  or  for  Public  Roads 
are  mentioned  in  other  sections  of  this  report. 

Project   examination    division 

The  project  examination  dlA^sion  was  established  in  Public  Roads  in  June 
19.57  to  maintain  A-igilance  over  all  aspects  of  the  programs  administered  by  the 
Bureau.  During  the  fiscal  year  reAdews  and  inquiries  conducted  by  this  division 
necessitated  active  field  work  in  24  States  on  one  or  more  occasions,  several  of 
the  operations  extending  over  many  months.  These  investigations  found  many 
commendable  practices  in  Public  Roads  and  State  operations,  and  also  pointed 
ovit  means  for  effective  elimination  of  certain  areas  of  potential  weakness. 

In  one  State  it  Avas  necessary  to  conduct  a  detailed  revicAv  of  a  large  number 
of  projects.  As  a  direct  result,  certain  contractors  and  State  employees  Avere 
found  unaccei)table  to  Public  Roads  on  Federal-aid  projects  for  specified  periods 
of  time. 
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Numerous  allegations  of  irregularities  in  the  highway  program  were  investi- 
gated during  the  year.  When  the  results  so  warranted,  these  matters  were 
referred  to  the  Department  of  Justice.  In  other  instances,  the  allegations  were 
found  to  be  unsupported.  Increased  coordination  and  cooperation  with  the 
Department  of  Justice  brought  about  a  corresponding  increase  in  effectiveness. 
In  one  State  this  expanded  activity  was  largely  instrumental  in  the  return  of  18 
indictments  by  a  Federal  gi-and  jur.v. 

Similarly,  additional  emphasis  has  been  placed  on  cooperation  with  State 
highway  departments  and  State  prosecuting  agencies.  In  one  State  this  action 
resulted  in  the  indictment  of  a  supplier  of  highway  material  and  three  of  its 
employees. 

Impetus  provided  by  the  project  examination  division  resulted  in  the  prepara- 
tion of  guidelines  for  use  by  Public  Roads  field  personnel  in  detailed  inspections 
of  construction  and  land  acquisition.  These  inspections  have  been  extremely 
effective  in  disclosing  previously  unrecognized  deficiencies  in  various  phases  of 
the  highway  program  and  enabling  the  taking  of  necessary  corrective  action. 

AASHO  Road   Test 

Completion  of  the  $27  million  AASHO  Road  Test,  sponsored  by  the  American 
Association  of  State  Highway  Officials  with  Public  Roads  and  other  participation 
and  administered  by  the  Highway  Research  Board,  was  one  of  the  significant 
research  achievements  of  the  fiscal  year. 

Final  findings  of  this  important  cooperative  research  project  were  presented 
and  discussed  at  a  3-day  conference  held  in  mid-May  in  St.  Louis,  Mo.,  and  at- 
tended by  SOO  engineers  and  others  interested  in  the  outcome  of  the  test.  Public 
Roads  personnel  were  actively  involved  in  the  formal  presentation  of  results. 
By  the  date  of  the  conference,  six  reports  on  the  Road  Test  had  been  published 
by  the  Highway  Research  Board,  covering  all  aspects  of  the  conduct  and  find- 
ings of  the  project.  It  was  anticipated  that  the  final  summary  report  would  be 
available  in  the  fall  of  1962. 

The  most  important  product  of  the  Road  Test  was  the  development  of  signifi- 
cant relationships  between  axle  load  and  pavement  performance  for  a  wide  range 
of  loads  and  pavement  thicknesses.  The  formulas  developed  show  relationships 
between  performance  and  design  as  well  as  loading,  and  will  be  invaluable  to 
engineers  for  scientific  pavement  design  and  traffic  regulation. 

An  important  byproduct  of  the  project  was  the  development  of  a  serviceability- 
performance  concept — a  method  of  defining  the  performance  of  pavements  in 
terms  of  the  aniount  of  tralfic  they  will  carry  before  losing  their  ability  to  serve 
traffic  adequately  because  of  wear  and  failure. 

Final  reports  of  the  AASHO  Road  Test  emphasize  that  the  findings  are  based 
on  the  conditions  at  the  test  site  in  Illinois.  At  year's  end,  extensive  plans  were 
underway  to  translate  these  results  to  other  conditions  of  soil,  climate,  and 
traffic. 

The  AASHO  Road  Test  results  will  have  far-reaching  effects  on  both  the  de- 
sign provisions  of  new  roads  and  the  upgrading  of  existing  highways,  and  on  the 
regulation  of  highway  use. 

Conversion  of  the  test  road  into  the  originally  planned  section  of  the  Interstate 
System  was  underway.  In  the  rehabilitation  process,  test  sections  were  being 
incorporated  for  continued  study  of  behavior  under  regular  traffic  use. 

AASHO   Pooled  Research   Program 

During  fiscal  yeae  1962  the  American  Association  of  State  Highway  Officials, 
in  cooperation  with  the  Bureau  of  Public  Roads  and  the  Highway  Research 
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Board,  launched  a  National  Cooperative  Highway  Research  Program  which  will 
concentrate  on  highway  problems  of  national  scope,  too  extensive  or  costly  to  be 
studied  thoroughly  by  any  one  State  or  region. 

Planning  for  this  continuing  program  had  been  underway  for  some  time. 
Financing  will  be  wholly  with  Federal  funds,  the  States  having  agreed  to  pool 
one-twentieth  of  their  so-called  1% -percent  research  and  planning  funds  for  the 
purpose  (without  matching).  The  l^/^-percent  funds  are  the  proportion  of  the 
annual  Federal-aid  highway  apportionments  that  the  States  may  use  for  re- 
search and  planning.  About  $1.6  million  of  pooled  funds  were  available  for  the 
first  year  of  the  cooperative  program,  and  $2.5  million  will  be  available  annually 
thereafter. 

AASHO  committees,  on  which  Public  Roads  has  membership,  will  each  year 
select  specific  projects  for  undertaking  within  research  areas  agreed  on  by  the 
States.  The  Highway  Research  Board  will  administer  the  program,  contracting 
the  selected  projects  to  universities  and  other  research  agencies. 

At  the  close  of  the  year,  projects  were  being  selected  in  the  following  six 
agreed-upon  research  areas : 

1.  Development  of  techniques  to  improve  the  traffic  capacity  and  safety  of 
existing  roads  and  streets,  including  investigation  of  electronics  guidance  sys- 
tems for  controlling  individual  vehicles  in  a  stream  of  traffic. 

2.  Evaluation  of  freeway  lighting  to  determine  how  strong  illumination 
should  be  and  where  located. 

3.  Study  of  snow  and  ice  removal  methods  and  chemicals,  to  devise  techniques 
for  rapid  clearing  of  highways. 

4.  Development  of  methods  for  improving  aggregates  used  in  pavement  con- 
struction. 

5.  Investigation  and  refinement  of  methods  used  to  determine  benefits  accruing 
to  motorists,  truckers,  and  the  general  economy  from  highway  improvements. 

6.  Translation  of  the  results  of  the  AASHO  Road  Test,  recently  completed  in 
Illinois,  to  local  conditions  in  other  States. 

Traffic   Operations   Research 

Automated  highway  research 

Public  Roads  has  followed  developments  in  highway  transportation  auto- 
mation for  a  number  of  years  through  contacts  with  private  organizations  in 
the  equipment  development  field.  Public  Roads  also  has  initiated  a  number 
of  research  projects  in  the  areas  of  surveillance,  communications,  and  electronic 
aids  which  contribute  to  basic  understanding  of  the  generalized  concept  of 
automated  highway   transportation. 

During  the  fiscal  year  plans  were  developed  for  a  broad  automated  high- 
way research  program  and  a  budget  for  the  first  phase  of  this  program  was 
proposed.  The  fii'st  phase  would  be  a  comprehensive  feasibility  study  which 
would  include  the  objectives  of  an  automated  highway  concept  and  a  systems 
analysis. 

Human   factors  research 

Research  was  completed  on  a  study  of  driver  attitude  toward  alternate 
routes.  This  study,  made  in  cooperation  with  the  State  of  Maine  and  the 
Maine  Turnpike  Authority,  involved  U.S.  1  and  the  turnpike.  More  than  3,300 
drivers  were  interviewed,  using  an  attitude  test  aimed  at  measuring  their 
views  toward  the  two  highways.  Galvanic  skin  response  (GSR)  tests,  meas- 
uring tension,  were  made  on  test  drivers  traveling  both  routes.  The  GSR 
data  indicated  that  significantly  more  tension  was  generated  on  U.S.  1  than 
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on  the  turnpike.  Preliminary  analyses  showed  that  turnpike  users  held  posi- 
tive attitiTdes  toward  this  kind  of  driving  but  nouusers  were  negative  toward 
freeway  driving.  The  negative  attitudes  were  stronger  than  the  positive  atti- 
tudes toward  turnpikes,  indicating  that  the  subjective  benefit  of  freeways  may 
not  be  as  great  as  direct  economic  benefits. 

Another  study  using  the  GSR  equipment  was  underway  on  a  10-mile  section 
of  rural  freeway  to  determine  the  generation  of  driver  tension  at  travel  speeds 
ranging  from  35  to  70  miles  per  hour.  This  research  was  aimed  at  explaining 
an  anomaly  found  in  a  previous  study,  which  indicated  that  high-type  express- 
ways generated  more  tension  than  expressways  with  less  rigorous  design.  This 
research  should  lead  to  further  insight  into  the  processes  underlying  driver 
comfort  and  convenience. 

An-  investigation  using  a  newly  developed  electronic  instrument  for  con- 
tinuous tracking  of  the  path  of  a  vehicle  was  conducted  to  determine  the 
perceptual  and  field  factors  affecting  lateral  displacement.  Results  indicated 
that  transverse  movement  of  a  vehicle  was  directly  influenced  both  by  speed 
and  by  the  proximity  and  shape  of  an  object  located  laterally  from  the  line 
of  travel.  In  addition,  the  results  offered  verification  of  a  proposed  theory  of 
rate  of  visual  angle  change  as  a  basis  for  vehicle  steering. 

A  new  program  of  research  was  undertaken  to  study  how  an  automobile 
driver  achieves  stable  steering.  A  test  track  study,  one  of  a  series  of  con- 
trolled experiments  on  vehicle  control  behavior,  was  initiated  to  determine 
what  perceptual  information  a  driver  uses  as  a  basis  for  his  continuous  judg- 
ment concerning  steering  for  single-lane  driving  on  a  straight  road. 

Other  research  was  initiated  in  the  laboratory  to  ascertain  the  extent  of 
deterioration  of  guidance  control  that  may  be  present  when  the  driver  divides 
his  time  between  staying  properly  centered  in  his  lane  and  searching  out 
features  of  the  environment  such  as  road  signs.  For  this  purpose,  a  basic 
driver  simulation  facility  was  developed. 

An  investigation  on  vehicular  headway  being  conducted  for  Public  Roads  by 
the  Applied  Psychology  Corporation  was  aimed  at  isolating  those  driver  char- 
acteristics and  enviromnental  factors  that  significantly  influence  following- 
distance  behavior. 

The  Battelle  Memorial  Institute  was  continuing  research  for  Public  Roads 
into  the  problem  of  the  kinds  of  information  that  should  be  transmitted  between 
drivers.  Through  field  research  an  attempt  was  being  made  to  establish  some 
criteria  for  communication  and  some  variables  by  which  the  information  load 
upon  the  driver  could  be  measured.  This  work  indicates  that  the  information 
processing  model  is  generally  applicable  as  a  criterion  for  inter-vehicle  com- 
munications. However,  the  attempt  to  develop  measures  of  this  loading  proved 
to  involve  dimensions  that  were  not  predicted  from  their  original  model.  Drivers 
appear  able  to  handle  considerable  amounts  of  information  before  they  need  to 
make  compensatory  responses  in  their  driving. 

A  cooperative  research  project  at  the  Cornell  Aeronautical  Laboratory  was 
undertaken  to  develop  techniques  that  may  be  used  to  determine  objectively 
what  form  and  requirements  are  necessary  to  simulate  driving  performance. 
These  studies  were  aimed  at  determining  what  progressive  steps  may  be  employed 
in  part  task  simulation  of  driving  or  may  be  employed  in  large  scale  simulation, 
where  human  adaptive  behavior  often  masks  the  operational  response  modes  of 
the  driver. 

Driver  behavior   research 

Considerable  technical  assistance  was  given  to  expressway  surveillance  proj- 
ects in  Michigan  and  Illinois.  In  Detroit,  the  installation  of  lane-use  and  speed 
controls  was  completed  and  testing  begun.    A  report  on  freeway  shoulder  usage 
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was  completed  and  a  number  of  other  reports  were  being  prepared.  For  the 
Chicago  project,  purchase  and  installation  of  automatic  surveillance  equipment 
was  approved  after  extensive  evaluation  tests  with  the  Public  Roads  traffic  ana- 
lyzer.    Validation  of  the  pilot  system  will  begin  when  installation  is  complete. 

A  study  of  the  effect  of  small  cars  on  the  traffic  stream  was  completed  and 
reported  by  Michigan  State  University.  A  comparison  study  by  Public  Roads 
was  also  completed  and  reported.  Both  studies  found  that  small  cars  had  no 
significant  effect  on  spacing  and  speed. 

Also  underway  were  studies  of  lane  volumes  and  distributions  on  urban  ex- 
pressways, the  relation  between  speed  and  headways  of  paired  vehicles,  and  the 
relation  of  traffic  volume  to  average  speed  and  average  difference  in  speed. 

Technical  assistance  was  provided  to  several  State  highway  departments.  In 
Minnesota  a  study  of  color  coding  for  interchange  ramps  was  begun.  In  Penn- 
sylvania a  study  of  a  median  guard-rail  installation  was  started  and  another 
study  involving  yellow  median  guardrails  was  planned  in  New  York.  Research 
was  undertaken  in  Maryland  and  Minnesota  to  determine  if  edge  line  striping 
increases  a  driver's  awareness  of  approaching  access  points  and  of  vehicles  at 
those  points. 

Highway   capacity  research 

The  report,  Increasing  the  Traffic-Carryhig  Ca2)aMUty  of  Urban  Arterial 
Streets  (often  referred  to  as  "The  Wisconsin  Aveniie  Study"),  was  published 
during  the  year,  and  a  supplementary  appendix  report  was  being  printed. 

A  study  of  spacing  of  freeway  ramps  by  computer  traffic  simulation  was 
initiated  for  Public  Roads  at  the  Midwest  Research  Institute.  In  the  first  phase, 
the  goal  is  to  determine  whether  known  traffic  flows  observed  on  freeways  under 
a  variety  of  ramp  spacing  conditions  can  be  simulated  successfully  on  a  com- 
puter. Field  studies  to  be  conducted  to  obtain  the  necessary  validation  data 
will  provide  greatly  needed  data  regarding  traffic  behavior  between  ramp 
junctions. 

The  data-gathering  phase  of  the  nationwide  freeway  ramp  capacity  study  was 
completed  in  the  spring  of  1962.  A  total  of  about  220  studies  had  been  received 
and  analyses  were  well  underway.  The  data  will  provide  means  for  a  wide 
variety  of  investigations  of  specific  questions  regarding  ramp  operation. 

An  investigation  was  undertaken  of  the  effect  of  buses  in  freeway  traffic  flows 
In  several  major  cities.  Conditions  being  studied  ranged  from  only  a  small  num- 
ber of  buses  in  the  traffic  stream  to  the  all-bus  operation  under  specialized 
conditions. 

Motor-vehicle  accident  costs 

A  State-wide  accident  cost  study  being  conducted  cooperatively  with  the  Illi- 
nois Division  of  Highways  was  nearing  completion.  Two  principal  applications 
of  the  accident  data  were  contemplated:  assessing  the  efficiencies,  in  terms  of 
accident  exposure,  of  the  various  types  of  highways  and  highway  systems ;  and 
relating  accident  experience  of  Illinois  registered  passenger  cars  and  trucks  of 
different  sizes  and  weights  with  their  respective  travel  on  the  different  highway 
systems  of  the  State. 

A  similar  study  was  undertaken  in  Ohio,  featuring  an  investigation  of  the 
characteristics  and  costs  of  accidents  occurring  on  the  Interstate  System  and 
on  all  major  highways  according  to  the  degree  of  access  control.  An  additional 
feature  is  the  determination  of  accident  frequencies  and  costs  for  American 
"standard"  passenger  cars,  American  compacts,  and  foreign  cars. 

A  third  accident  cost  study,  getting  underway  in  the  District  of  Columbia, 
will  permit  a  concentrated  evaluation  of  accident  occurrence  in  a  purely  urban 
area.     One  objective  is  the  determination  of  accident  experience  for  the  9,000 
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taxieabs  operating  in  the  area.  Anothier  relates  to  traffic  operation  and  accident 
frequency  on  major  street  systems  during  peak  and  off-pealv  hours,  and  the 
incidence  of  accidents  with  respect  to  one-way  streets,  parking  conditions,  and 
types  of  traffic  control  devices. 

Interstate   accident   study 

An  initial  report  of  the  Interstate  System  accident  study,  wliich  compares 
accident,  injury,  and  fatality  rates  for  completed  sections  of  the  Interstate 
System  with  nearby  existing  highways,  was  nearly  completed.  The  report, 
containing  data  from  16  of  the  43  States  who  were  participating  in  the  study, 
compares  rates  on  1,130  miles  of  Interstate  highways  open  to  traffic  to  those  on 
1,000  miles  of  nearby  older  type  highways.  The  accident  rates  for  the  Inter- 
state highways  were  considerably  lower.  A  more  detailed  Interstate  System 
accident  study  relating  accident  experience  to  geometric  design  was  underway 
in  3  States  with  18  other  States  expected  to  provide  data  during  the  coming 
year. 

Motor-vehicle   transportation   studies 

Research  was  continued  to  establish  the  differential  road-user  benefits  that 
result  from  improvement  of  rural  and  urban  highway  systems.  Field  tests  were 
continued  to  determine  the  effects  of  number  of  traffic  lanes  and  traffic  volume 
on  the  fuel  and  time  consumption  of  passenger  cars. 

The  completed  study  of  line-haul  trucking  costs  in  relation  to  vehicle  gross 
weights  was  being  followed  up  by  putting  highway  and  truck  operating  costs 
together  to  obtain  optimum  overall  transportation  costs.  Another  related  study 
nearing  completion  concei'ned  dimensions  and  weights,  by  type  of  cargo  body,  of 
trucks  and  trailer  combinations  weighed  at  loadmeter  stations  in  46  States. 

In  a  cooperative  research  study,  the  University  of  Washington  investigated 
the  fuel  consumption,  speed,  and  acceleration  characteristics  of  large  gasoline- 
and  diesel-powered  commercial  vehicles  operating  over  a  variety  of  highway 
profile  conditions.  From  the  data  collected,  factors  were  developed  for  predict- 
ing vehicle  performance  and  fuel  consumption.  These  may  be  used  by  the 
highway  engineer  to  select  highway  alinement  on  which  vehicles  will  operate 
most  economically  or  to  predict  potential  user  benefits  that  may  be  derived 
from  an  improved  highway  facility ;  and  by  the  vehicle  operator  to  select  the 
vehicle  best  adapted  to  the  terrain  it  must  traverse. 

Instrumentation   development 

The  first  traffic  impedance  analyzer  built  by  Public  Roads  has  been  in  con- 
stant demand.  A  new  analyzer  built  during  the  year  measures  the  same  traffic 
parameters  as  the  first  one — speed,  distance,  time,  and  fuel  consumption,  plus 
manual  condition  code  insertion — but  has  an  increased  digital  capacity  and  uses 
a  high  speed  teletype  tape  punch  for  recording  so  that  automatic  data  process- 
ing without  tabular  transcription  is  possible. 

In  its  instrumentation  development,  Public  Roads  was  using  solid  state  cir- 
cuitry. Along  with  the  time  and  cost  saving  advantages  of  etched  and  printed 
circuit  techniques,  the  field  instruments  developed  may  be  powered  by  automobile 
batteries,  will  be  very  compact,  will  require  almost  no  field  maintenance,  and 
may  be  packaged  for  vehicle  use  without  need  for  ventilation. 

Economic   Research 

Highway  cost  and  investment  research 

A  pilot  study  of  the  effects  that  various  traffic  volumes  have  on  the  length  of 
service  lives  of  asphalt  and  concrete  pavements  in  California  was  nearing  com- 
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pletion,     A  study  of  the  effects  of  the  stepped-up  highway  program  on  the  serv- 
ice lives  of  highways  was  continuing.  , 

Intensive  study  was  undertaken  to  develop  procedures  to  determine  the  cost 
to  construct  highway  facilities  of  different  levels  of  structural  capacities  for 
various  sizes  and  gross  weights  of  commercial  motor  vehicles. 

Highway   finance  and   taxation   research 

Research  in  connection  with  the  allocation  of  the  financial  resources  of  gov- 
ernmental units  and  the  present  position  of  highways  in  the  allocation  of  such 
resources  was  initiated  during  the  year.  A  further  study  of  third-structure 
taxes,  such  as  the  ton-mile  tax,  also  was  miderway. 

A  report  on  studies  made  in  several  States  of  the  motor-fuel  consumption 
characteristics  of  privately  owned  passenger  cars  was  completed. 

In  cooperation  with  the  University  of  Missouri,  an  investigation  was  underway 
of  the  various  highway  cost  allocation  theories — the  basic  concepts  and  their 
applicability  to  the  allocation  of  highway  costs  between  user  and  nonuser  and 
among  various  classes  of  users. 

Engineering  economy   research 

A  basic  study  of  the  methods  and  applications  of  the  principles  of  engineering 
economy  to  highway  improvements  was  completed.  Two  reports  were  published 
and  others  were  being-  prepared. 

A  draft  paper  on  the  subject  of  the  value  and  cost  of  travel  time  to  the  occu- 
pants of  passenger  cars  Avas  prepared  in  connection  with  a  study  of  the  value  of 
travel  time  to  this  class  of  highway  users.     Research  of  this  area  continued. 

Research  was  continued  on  the  factors  that  make  up  the  benefit-cost  ratio 
Avhich  is  applied  in  evaluating  the  economy  of  highway  improvements. 

Economic   consequences   of  highway   improvements 

Important  progress  was  made  during  the  year  in  the  research  program  deal- 
ing with  the  economic  consequences  of  highway  irmprovements.  The  studies 
emanating  from  this  program,  as  well  as  those  in  progress,  encompass  a  wide 
range  of  factors  related  to  highway  improvements,  including  eft'ects  on  inter- 
changes, commercial,  industrial,  and  residential  areas,  land  use  and  values,  and 
central  business  districts. 

The  29  economic  impact  studies  completed  during  the  fiscal  year  brought  the 
total  number  of  such  studies  completed  to  119  in  30  States.  Included  were  17 
studies  of  nationwide  scope.  At  the  end  of  the  year,  47  economic  impact  studies 
were  in  progress  in  33  States. 

A  Texas  study,  which  evaluated  the  economic  eft'ects  of  the  accessibility  of  an 
expressway  on  adjacent  land  use  and  values  as  well  as  on  a  community  located 
15  miles  from  a  large  metropolitan  area,  was  representative  of  other  studies  of 
the  same  type.  The  study  found  that  population  in  the  affected  community  in- 
creased from  3.000  to  almost  17,000  during  the  5  years  following  completion  of 
the  expressway.  At  the  same  time,  prices  for  abutting  land  rose  by  2(i9  percent. 
Prices  of  nonabutting  land  rose  only  17  percent. 

Emphasis  continued  to  be  directed  toward  studies  evaluating  the  economic  con- 
sequences of  interchanges  on  areas  served  by  such  facilities.  A  notable  contri- 
bution to  this  field  was  a  five-part  study,  plus  an  introductory  progress  report, 
by  a  team  of  researchers  at  the  University  of  Washington.  This  study  con- 
sidered the  problem  of  congestion  and  economic  development  at  interchanges. 

Another  study,  by  the  Texas  Transportation  Institute,  evaluated  land-use 
changes  in  the  vicinit.v  of  10  interchanges  in  Texas.  Similarly,  the  U.S.  Depart- 
ment of  Agriculture  prepared  a  study  of  the  economic  and  legal  asjiects  of  inter- 
changes which  dealt  mainl.v  with  rural  areas. 
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Studies  investigating  the  impact  of  interclianges  on  communities  and  local 
areas  were  undertaken  in  a  number  of  States.  Some  of  these  attempted  to  de- 
fine the  intercliange  community  in  terms  of  economic  arrangements,  while  otliers 
dealt  with  the  economics  of  land  development. 

Studies  of  the  consequences  of  bypasses  on  the  economics  of  nearby  commu- 
nities were  continued.  During  the  fiscal  year  several  such  studies  were  com- 
pleted, including  one  in  Utah  which  covered  the  sociological  factors  in  the  af- 
fected community  such  as  recreational  and  organizational  activities,  community 
patterns,  attitudes  and  their  relation  to  the  highwaj-  improvement,  and  the  travel 
patterns  of  persons  in  the  community.  Bypass  studies  underway  included  a 
wide  range  of  analyses,  from  an  evaluation  of  the  economic  consequences  of  the 
Capital  Beltway  circling  the  ^Yashington,  D.C.,  area  to  studies  in  smaller  urban 
areas. 

During  the  year  the  Michigan  State  University  Highway  Traffic  Safety  Center, 
in  cooperation  with  Public  Roads,  completed  five  segments  of  a  comprehensive 
study  on  the  economic  and  social  effects  of  highway  improvements.  One  part  of 
this  study  evaluated  the  impact  upon  land  use.  as  well  as  the  changes  in  the 
number  of  structures  built,  resulting  from  the  use  of  Michigan  highways. 
Through  an  analysis  of  the  mapping  procedures  utilized  in  the  study,  it  was 
found  that  highways  were  the  major  means  by  which  the  processes  of  dispersal 
of  urban  populations  and  forms  of  settlement  have  exerted  their  impact  upon  the 
land  uses  of  the  study  area. 

An  evaluation  was  made  of  major  population  trends  in  the  United  States,  with 
emphasis  on  highway  implications.  Summary  analyses  were  prepared  of 
population  and  employment  for  areas  of  over  1  million  population,  and  estimates 
were  made  of  areas  that  may  reach  1  million  population  between  1960  and  2000. 
Population  and  employment  trends  for  all  areas  over  500,000  population  were 
being  correlated  with  information  on  primary  means  of  transportation  used  in 
going  to  work  as  well  as  automobile  availability. 

Studies  were  made  of  the  factors  determining  automobile  density  in  selected 
urban  and  rural  areas  in  Virginia,  and  by  selected  census  tract  for  Richmond 
and  Norfolk,  Va.,  and  for  the  District  of  Columbia. 

Highway  and   Land  Administration  Research 

Right-of-way  research 

In  cooperation  with  the  American  Association  of  State  Highway  Officials,  a 
revised  outline  for  a  manual  for  training  right-of-way  personnel  was  completed 
and  commitments  were  obtained  for  authorship  of  the  various  sections  to  be 
included.  A  questionnaire  on  right-of-way  training  needs  was  drafted  for  sub- 
mittal to  all  persons  engaged  in  right-of-way  work  throughout  the  Nation. 
Assistance  was  given  to  several  of  the  State  highway  right-of-way  departments 
in  organizing  and  conducting  training  programs  for  their  right-of-way  personnel. 

The  final  draft  of  a  study  of  liaison  between  utilities  and  highway  departments, 
undertaken  in  cooperation  with  AASHO,  was  partially  completed. 

A  review  and  analysis  of  all  condemnation  decisions  handed  down  by  the 
courts,  in  which  right-of-way  problems  were  at  issue,  was  completed  and  a 
report  made  in  cooperation  with  the  American  Bar  Association. 

At  the  request  of  the  Department  of  the  Interior,  in  connection  with  its 
study  of  land  policies,  a  report  was  prepared  describing  activities  of  Public 
Roads  and  the  State  highway  departments  that  contribute  to  current  open  space 
objectives,  and  suggesting  additional  ways  and  means  whereliy  some  of  these 
present  activities  could  be  expanded  to  further  advance  open  space  reservations. 

Special    studies    of   existing   right-of-way    organization    and    practices    were 
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completed  in  three  States  and  recommendations  were  made  as  to  wajs  to  bring 
about  improvements. 

A  report  was  being  prepared  of  a  study  of  highway  classification,  analyzing 
laws  pertaining  to  highway  system  classification  for  secondary  State  highways, 
county  and  township  highways,  and  municipal  street  systems,  and  making 
recommendations  as  to  more  functional  classifications. 

Assistance  through  research  and  data  collection  and  analysis  was  given  a 
number  of  States  in  connection  with  a  wide  variety  of  right-of-way  problems. 

Severance   damage  research 

Several  additional  land  economic  studies  ( severance  damage  and  proximity 
studies),  which  promise  to  be  helpful  in  the  land  acquisition  process,  were 
initiated  with  the  cooperation  of  the  States.  A  manual  recommending  pro- 
cedures for  conducting  severance  damage  studies  was  issued  along  with  a 
standard  data  collection  form.  Severance  damage  research  was  underway  in 
40  States.  A  number  of  States  were  submitting  case  study  information  for  in- 
clusion in  Public  Roads'  national  "bank"  of  cases,  using  either  the  case  study 
form  or  punch  cards,  and  in  addition  were  setting  up  their  own  individual  State 
banks  of  such  data.  More  than  300  case  studies  from  11  States  had  been  placed 
in  the  Public  Roads  bank  and  cases  were  being  added  steadily.  Analysis  of  these 
cases  provided  interesting  and  significant  findings  :  for  example,  concerning  the 
relationship  between  property  values  before  the  highway  taking  and  amounts 
actually  received  through  subsequent  sales  by  the  affected  owners.  Com- 
parisons of  this  type  and  others  were  planned. 

Administrative   research 

A  report  on  training  programs  in  State  highway  departments  was  virtually 
completed.  A  report  on  a  census  of  highway  engineering  employees  in  counties 
and  cities  was  in  progress.  Revisions  were  made  in  tabulations  of  directing  or- 
ganizations of  State  highway  departments  and  of  salary  ranges  of  principal 
officials  of  State  highway  departments.  Work  was  begun  on  a  study  of  civil 
service  systems  in  State  highway  departments.  A  broad-gaged  administrative 
study  was  undertaken  in  one  State,  at  its  request. 

Highway   laws   research 

Public  Roads  continued  its  program  of  cooperation  with  the  States  in  high- 
way laws  improvement,  working  with  individual  States  on  code  revision  projects. 
In  cooperation  with  the  Highway  Research  Board,  Public  Roads  prepared  re- 
ports on  various  phases  of  Federal,  State,  and  local  highway  law  of  national 
significance.  Most  of  the  latter  work  was  on  maintenance,  finance,  and  system 
classification  law  studies,  and  first  drafts  of  reports  on  each  were  substantiallj' 
complete. 

Public  Roads  staff  studies  on  the  relationship  between  land-use  controls  and 
highways  were  continued,  and  several  field  studies  to  develop  practical  standards 
for  application  of  the  general  concepts  were  underway.  These  studies  were 
concentrating  on  areas  around  interchanges,  where  the  land-use  and  traffic 
conflict  is  apt  to  be  most  acute. 

Staff  assistance  was  provided  to  the  Highway  Research  Board  committee  on 
urban  transportation  research. 

An  analysis  of  the  use  of  economic  study  data  to  prove  damages  to  land,  and 
the  admissability  of  such  data  in  court,  was  made. 

Hydraulic  Research 

A  MAJORITY  of  State  highway  departments  were  sponsoring  long-term  in- 
vestigations of  rates  of  water   runoff  from  small  watersheds.     Public  Roads 
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participated  in  the  financing  and  planning  of  seven  of  ttiese  studies.  In  all 
cases  the  actual  work  was  being  done  by  the  U.S.  Geological  Survey.  Flood 
frequency  reports  were  available  for  about  25  States. 

Stormwater  runoff  from  selected  urban  areas  in  Baltimore,  Md.,  and  vicinity 
was  being  measured  and  analyzed  under  a  continuing  project  conducted  by  The 
Johns  Hopkins  University  and  sponsored  by  Public  Roads,  the  Maryland  State 
Roads  Commission,  Baltimore  City,  and  Baltimore  County.  An  analysis  by 
Public  Roads  of  the  rates  of  flow  was  completed  for  publication. 

Basic  research  on  the  movement  of  flood  waves  through  a  storm  drain  was 
being  conducted  by  Colorado  State  University,  financed  by  Public  Roads  and 
the  Public  Health  Service.  A  full-scale  model  under  construction  will  be  used 
to  verify  water  surface  profiles  developed  theoretically  and  computed 
electronically. 

Expei'iments  on  capacity  of  curb-opening  storm  drain  inlets  have  been  com- 
pleted at  Colorado  State  University  for  Public  Roads. 

The  final  report  of  a  Public  Roads-Corps  of  Engineers  study  of  the  flow 
capacity  of  corrugated  structural  plate  metal  pipe  (2-inch  corrugations)  was 
being  prepared  by  the  Waterways  Experiment  Station  at  Vicksburg. 

The  National  Bureau  of  Standards  was  investigating  means  of  improving  flow 
through  box  culverts  for  Public  Roads.  A  final  report  on  improved  pipe  culverts 
was  completed.  Industry  was  applying  the  results  to  development  of  commercial 
products  which  will  elf  ect  greater  economy  in  culvert  installations. 

Purdue  University  continued  laboratory  research  on  fiow  through  arch  bridges 
under  a  cooperative  project  of  the  Indiana  State  Highway  Commission  and 
Public  Roads. 

Physical  Research 

PrBLic  Roads'  work  in  the  many  and  varied  fields  of  physical  research  is 
accomplished  by  its  own  staff  and  laboratories,  by  contract,  and  as  cooperf^- 
tive  projects  with  State  highway  departments  and  through  them  with  univer- 
sities. The  cooperative  projects  are  financed  with  the  1%-percent  of  Federal- 
aid  apportionments  to  the  States  available  for  research  and  planning,  and 
Public  Roads  participates  in  the  selection  and  planning  of  the  research,  reviews 
the  progress  of  the  work,  and  often  participates  in  the  reporting  of  results. 

Soils   and   foundations 

Considerable  effort  was  expended  during  the  year  in  developing  and  eval- 
uating apparatus  for  measuring  the  physical  condition  and  characteristics  of 
soil    materials. 

Progress  was  made  by  Public  Roads  and  Arizona,  Arkansas,  Colorado,  In- 
diana, Kentucky,  Maine,  North  Carolina,  Ohio,  and  Oklahoma  in  the  develop- 
ment and  evaluation  of  nuclear  apparatus  for  measuring  the  moisture  content 
and  density  of  soil  materials  and  aggregates,  important  in  construction  con- 
trol. Public  Roads  developed  a  series  of  calibration  curves  for  a  variety  of 
materials  for  use  with  one  nuclear  apparatus. 

Vanderbilt  University  began  a  study  to  develop  sonic  apparatus  for  rapid 
measurement  of  moisture  content  and  density  of  soils  and  aggregates  and  to 
measure  the  density  of  flexible  pavement  layers. 

Public  Roads'  evaluation  of  a  commercially  manufactured  electrical  resistivity 
device  resulted  in  improvement  of  the  electrical  system  so  as  to  identify  more 
accurately  materials  in  geophysical  explorations.  Further  work  was  done  to 
determine  the  feasibility  of  using  electrical  resistivity  apparatus  in  measuring 
small  natural  electrical  potentials  that  indicate  specific  ground  conditions.  The 
resistivity  apparatus  also  was  used  by  Public  Roads  on  proposed  highway  lo- 
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cations  to  identify  landslide  conditions  and  to  locate  solution  cavities  in  lime- 
stone. Evaluation  was  continued  of  light-weight  seismic  apparatus  for  use  in 
shallow   subsurface   investigations. 

The  occasional  necessity  for  building  highways  across  swamps,  particularly 
in  urban  areas,  has  led  to  new  methods  of  evaluating  such  soft  foundation 
materials.  Public  Roads  continued  its  laboratory  evaluation  of  vane  shear  ap- 
paratus for  testing  core  samples.  Illinois,  Oregon,  and  Washington  were  study- 
ing this  and  various  other  methods  of  evaluating  such  foundation  conditions. 
Public  Roads  has  nearly  completed  a  motion  picture  on  sand-drain  stabiliza- 
tion of  soft  foundation  soils  on  a  Virginia  project.  Nebraska  continued  a 
study  of  settlement  of  high  embankments  over  soft  foundations. 

Georgia  Institute  of  Technology  continued  a  model  study  to  develop  a  pile 
foundation  design  method  based  on  strength  of  soil  strata  penetrated  by  the 
pile.  North  Dakota  continued  a  correlation  of  bearing  capacity  of  test  piles 
and  predicted  values  of  pile-driving  formulas.  California  began  a  study  of 
seismic  effects  on  piles  in  deep  clay  deposits. 

Public  Roads  completed  a  study  of  reaction  products  of  the  clay  mineral 
montmorillonite  and  organic  cations.  Arizona  completed  a  study  on  soil  plas- 
ticity and  dielectric  constant  and  began  work  on  another  investigation  con- 
cerning stabilization  of  montmorillonitic  clay  soils  by  prevention  of  expansion 
through  the  use  of  chemicals. 

In  a  cooperative  program  with  the  chemical  industry  for  developing  soil 
stabilizers.  Public  Roads  tested  a  potential  stabilizing  chemical  with  a  number 
of  experimental  soils.  Minnesota,  the  Georgia  Institute  of  Technology,  and 
North  Carolina  continued  laboratory  and  field  studies  of  the  relative  merits 
of  mixtures  of  lime,  bitumen,  and  chlorides  with  soil-aggregates  in  pavement 
structures,  the  use  of  soil  stabilizers  in  bituminous-soil  mixtures,  and  the  ef- 
fectiveness of  chlorides,  Portland  cement,  lime,  and  lime-fiy  ash  as  additives 
to  subgrades  and  base  courses  in  minimizing  the  effects  of  frost  action.  "West 
Virginia  University  completed  a  stud.v  on  use  of  the  factorial  design  statistical 
method  to  evaluate  the  effectiveness  of  fly  ashes  in  highwa.v  construction. 
The  University  of  Illinois  completed  a  literature  survey  of  the  use  of  phos- 
phoric acid  as  a  soil  stabilizer,  conducted  limited  laborator.v  studies  of  soil- 
acid  mixtures,  and  also  prepared  a  paper  on  the  particle  index  test  in  its 
continuing  study  of  soil-aggregate  mixtures. 

Considerable  progress  was  made  throughout  the  United  States  in  developing 
soil  and  materials  maps  and  reports  that  are  useful  in  highway  location  and 
design.  Thirty-four  State  highway  departments  assisted  Public  Roads  in  testing 
soil  samples  and  preparing  engineering  interpretations  for  county  soil  survey 
reports  sponsored  by  the  U.S.  Department  of  Agriculture.  The  final  manuscripts 
for  the  engineering  section  of  27  county  soil  survey  reports  were  approved  for 
publication.  The  development  of  engineering  soil  maps  and  reports  for  highway 
engineering  purposes  only  was  continued  in  eight  States. 

Public  Roads  used  color  aerial  photography  in  studies  of  ground  conditions 
and  potential  material  sources  in  the  Rocky  Mountain  area. 

Public  Roads  reported  a  study  in  which  compaction  and  classification  test 
data  were  correlated  by  computer  analysis  for  527  soil  samples  obtained  from 
various  areas  of  the  United  States. 

Bituminous   materials   and   pavements 

Research  on  the  fundamental  properties  of  bituminous  materials  was  con- 
tinued. Two  reports  were  published  on  the  de^'elopment  of  methods  for  meas- 
uring absolute  viscosity  and  the  application  of  these  methods  to  specifications. 
They  showed  the  advantage  of  fundamental  viscosity  over  conventional  methods 
for    measuring   consistency   of   liquid    asphalts   but   iiointed   nut   the   need   for 
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further  study  for  their  application  to  asphalt  cements.  Another  report  showed 
that  absolute  viscosity  measurements  could  be  used  to  evaluate  the  hardening 
characteristics  of  asphalts  without  materially  changing  the  acceptance  or  re- 
jection of  the  materials  as  now  determined  by  conventional  methods.  A  study 
was  completed  on  the  relation  of  ab.solute  viscosity  of  the  asphalt  binder  to 
laboratory   stability  of  paving  mixtures. 

Public  Roads  and  the  asphalt  industry  jointly  sponsored  five  regional  con- 
ferences for  highway  agencies  and  other  consumers  and  producers  of  asphalt. 
New  simplified  specifications  were  introduced  for  liquid  asphalts,  incorporating 
the  use  of  fundamental  viscosity  for  controlling  consistency.  General  accept- 
ance of  the  new  specifications  should  result  in  more  economical  asphalt  ma- 
terials of  the  liquid  types,  and  improved  test  methods. 

Studies  were  continued  on  liquid  asphalts  to  develop  additional  improved 
control  test  methods  ;  on  new  materials  proposed  as  binders  for  road  surfaces ; 
and  on  relatively  new  binders  for  constructing  colored  pavements.  A  report 
on  a  laboratory  study  t)f  coal-modified  tar  binder  was  completed.  New  York 
reported  on  a  cooperative  study  of  cationic  emulsions. 

Cooperative  studies  with  technical  committees  of  the  American  Society  for 
Testing  and  Materials  aimed  toward  the  development  of  new  standard  test 
methods  and  specifications  were  completed  and  reported. 

A  new  graphical  chart  was  developed  to  facilitate  the  evaluation  of  the  sieve 
analyses  of  aggregates  for  bituminous  paving  mixtures  and  other  uses.  In  this 
chart  gradations  for  theoretical  maximum  density  plot  out  as  straight  lines, 
providing  a  reference  for  comparison  with  actual  gradations. 

Aggregates  and  their  suitability  for  bituminous  mixtures  were  the  subject 
of  several  investigations,  including  studies  of  certain  unproven  materials  such 
as  an  expanded  clay  and  micaceous  sands.  A  report  on  the  application  of  infra- 
red spectroscopy  for  the  evaluation  of  mineral  fillers  was  published.  A  labora- 
tory and  field  study  was  conducted  with  the  District  of  Columbia  on  asbestos 
fiber  as  a  mineral  filler  for  a  bituminous  overlay  mixture. 

A  portable  .static  compactor  for  molding  bituminous  mixtures  at  the  paving 
site  was  constructed,  and  correlation  of  this  device  with  the  standard  labora- 
tory procedure  was  undertaken.  The  Corps  of  Engineers'  mechanical  gyratory 
compactor  was  used  in  a  number  of  mixture  investigations  and  an  interlabora- 
tory  test  program  was  initiated  for  the  purpose  of  standardizing  techniques. 
Louisiana  and  "West  Virginia  began  studies  with  this  device  to  correlate  mold- 
ing variables  with  field  compaction  and  to  develop  a  mixture  design  procedure. 

Nuclear  techniques  for  measuring  the  density  of  bituminous  pavements  and 
the  determination  of  asphalt  content  were  the  subject  of  research  in  Arizona, 
Colorado,  Ohio.  Oklahoma,  and  Virginia. 

Flexibility  and  fatigue  characteristics  and  the  rheological  properties  of  bitu- 
minous mixtures  received  continued  attention  in  research  conducted  in  Illinois, 
Ohio,  Oregon,  Texas,  and  Virginia. 

Work  was  continued  on  a  study  to  determine  the  effect  of  drying  plant  opera- 
tions on  the  surface  characteristics  of  aggregate  particles  as  reflected  by  re- 
sistance to  the  film-stripping  action  of  water.  A  pi'oject  completed  in  North 
Carolina  on  the  effect  of  plant  mixing  temperatures  on  hardening  of  asphalt 
showed  that  excessive  temperatures  were  detrimental.  A  New  York  study 
sought  to  determine  the  uniformity  of  hot-bin  aggregates  and  plant  mixtures ; 
a  "Wisconsin  study  was  concerned  with  the  extent  to  which  deviations  from 
jol)-mix  formulas  may  be  tolerated.  Florida,  North  Carolina,  Ohio,  and  West 
Virginia  were  investigating  the  optimum  temperature  and  viscosity  for  plant 
mixing  and  compacting  asphaltic  concrete.  Compaction  with  high-pressure  pneu- 
matic rollers  was  studied  in  Louisiana  and  found  to  be  very  satisfactory. 
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To  develop  correlation  of  physical  properties  of  bituminous  mixtures  with 
field  performance,  Public  Roads  continued  to  work  with  Delaware,  Maryland, 
and  Virginia  in  the  evaluation  of  test  roads.  A  final  report  on  the  Maryland 
project  and  a  progress  report  on  the  Delaware  project  were  prepared.  These 
studies  have  px-'ovided  confirming  evidence  that  the  high  rate  of  aging  of  asphalt 
in  service  is  largely  associated  with  high  air  void  content  of  the  pavement. 
Investigations  of  several  pavements  with  excessive  cracking  has  provided 
additional  evidence  of  this  relationship.  Arkansas,  Louisiana,  Maine,  Nebraska, 
Oregon,  South  Carolina,  and  Texas  were  also  attempting  to  correlate  field  per- 
formance with  mixture  properties.  The  information  being  developed  should 
provide  improved  performance  as  a  result  of  better  specifications  for  materials 
and  construction. 

Studies  to  improve  the  structural  design  methods  for  flexible  pavements  were 
continued.  The  Oklahoma  study  of  selected  flexible  pavement  sections  to  re- 
evaluate current  design  methods  and  procedures  was  concluded,  and  similar 
studies  were  continued  in  South  Dakota  and  Arkansas.  Studies  were  begun  or 
continued  in  Florida,  North  Carolina,  North  Dakota  and  South  Carolina  to 
translate  the  results  of  the  AASHO  Road  Test  to  local  environmental  and  soil 
conditions.  Studies  of  selected  pavements  to  correlate  wheel-load  and  pavement 
deflection  with  pavement  design  and  performance  were  underway  in  five  States. 
Georgia  Institute  of  Technology  continued  a  laboratory  study  to  provide 
fundamental  data  on  the  mechanics  of  load  support  provided  by  several  base 
course  types,  and  an  interim  report  was  prepared. 

West  Virginia  University  was  evaluating  sandstones  for  base  courses  in  the 
laboratory  by  application  of  a  rolling  loaded  tire  to  full-scale  model  pavements. 
Oregon  began  a  study  of  the  effect  of  gradation  of  aggregates  on  the  shear 
strength  and  permeability  of  base  courses. 

For  a  symposium  on  structural  design  of  flexible  pavements,  Public  Roads 
])repared  a  paper  on  the  effect  of  shear  loads  on  pavements  and  one  on  a  final 
analysis  of  data  obtained  in  the  Hybla  Valley,  Va.,  loading  tests  on  full-size,  spe- 
cially constructed  pavement  sections. 

Cement,  aggregates,   and  concrete  pavement 

A  report  prepared  on  the  resistance  of  concrete  surfaces  to  scaling  caused  by 
de-icing  agents  showed  the  important  role  of  entrained  air  in  the  prevention  of 
scaling.  Silicone  and  latex  admixtures  were  effective  in  minimizing  scaling,  but 
most  protective  surface  coatings  were  of  little  benefit.  Studies  of  the  effect  of 
linseed  oil  surface  treatments  and  silicone  admixtures  on  scaling  were  continued. 

The  results  of  splitting  tensile  tests  on  approximately  2,000  cylinders  made 
with  concrete  containing  both  natural  and  lightweight  aggregates,  and  compari- 
sons of  these  tests  with  flexural  and  compressive  strength  tests,  were  reported. 

Research  in  the  field  of  lightweight  aggregate  concrete  was  accelerated  during 
the  year  to  keep  pace  with  the  increasing  use  of  this  material.  Variations  in  the 
strength,  durability,  density,  and  volume  change  of  concrete  prepared  with  light- 
weight aggregates  from  20  different  sources  were  determined.  A  specification 
for  lightweight  aggregates  of  suitable  quality  for  bridge  deck  construction  was 
developed  for  use  in  Federal-aid  work.  A  study  of  the  creep  characteristics  of 
lightweight  aggregate  concrete  under  sustained  loading  was  begun. 

An  investigation  of  the  current  ASTM  method  of  testing  liquid  membrane-form- 
ing curing  agents  for  water  retention  was  started.  A  summary  was  being  pre- 
pared, as  a  reference  for  State  highway  departments,  of  the  properties  of  mem- 
brane-curing agents,  including  the  results  of  spectral  and  chemical  analyses  as 
well  as  those  of  physical  tests.  A  study  to  determine  the  value  of  foam  covers 
and  semisolid  seals  for  curing  concrete  was  initiated. 
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Work  on  the  development  or  improvement  of  test  methods  for  concrete  and  re- 
lated materials,  for  construction  control,  was  continued.  Under  study  were 
rapid  methods  for  determining  the  shrinkage  of  cement  paste  and  mortars,  the 
cement  content  of  fresh  concrete,  and  volume  changes  in  lightweight  aggregate 
concrete,  and  a  simple  test  to  measure  the  abrasion  of  aggregates.  Tests  to  ap- 
praise the  physical  properties  of  epoxy  resins  and  similar  quick-bonding  agents 
were  also  under  development. 

An  investigation  dealing  with  the  durability  of  concrete  bridge  decks  was  con- 
ducted cooperatively  with  the  Portland  Cement  Association  and  15  States.  Also 
included  in  cooperative  research  programs  were  studies  of  the  beneficiation  of 
aggregates,  improvements  of  methods  for  testing  aggregates,  the  performance 
of  bridge  decks  built  with  lightweight  aggregate  concrete,  the  effect  of  size  of 
coarse  aggregate  on  the  strength  of  the  concrete,  the  effect  of  chert  in  aggregates 
on  the  durability  of  concrete,  and  methods  for  curing  prestressed  concrete. 

An  ultrasonic  pulse  technique  apparatus  for  nondestructive  measurement  of 
the  thickness  of  concrete  pavements  was  constructed  and  was  being  evaluated  by 
Public  Roads. 

Cooperative  investigations  of  continuously  reinforced  portland  cement  con- 
crete pavements  were  continued  in  seven  States.  Progress  reports  on  the  Mary- 
laud  experimental  pavement  were  published.  Thirteen  States  have  built  such 
so-called  jointless  pavements,  equivalent  to  200  two-lane  miles.  Lap  requirements 
for  the  longitudinal  reinforcing  steel  and  end  anchorages  as  a  possible  solution 
to  the  problems  associated  with  large  end  movements  were  current  areas  of 
research. 

Statewide  performance  surveys  of  concrete  pavements  in  Illinois,  Maryland, 
Michigan,  and  Oklahoma  were  continued,  and  a  report  on  the  Michigan  study 


Electronic  apparatus  being  developed  by  Public  Roads  to  measure  the  thick- 
ness of  concrete  pavement  nondestructively  is  demonstrated  to  a  group  of 
visitors. 
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was  prepared.  Increasing  interest  in  the  "pavement  serviceability-performance 
concept"  developed  at  the  AASHO  Road  Test  was  noted,  and  cooperative  studies 
using  this  concept  were  started  in  Illinois,  Michigan,  North  Carolina,  and  Yirgina. 
Cooperative  concrete  pavement  research  underway  included  moving  load  tests 
on  an  experimental  prestressed  pavement;  methods  of  forming  contraction 
joints,  including  sawing  and  the  new  types  of  metal  and  plastic  inserts;  pre- 
vention of  corrosion  of  dowels  with  stainless  steel  sleeves  and  nickel  coatings; 
and  subbases  for  the  prevention  of  pumping.  Also  included  were  studies  of  the 
cause  and  prevention  of  erratic  cracking  in  concrete  pavements ;  application 
of  a  photographic  technique  of  recording  the  surface  condition  of  pavements ; 
and  the  effects  of  dynamic  loading  of  concrete  pavements. 

Chemical  investigations 

Outdoor  exposure  studies  of  rust-inhibitive  paints  for  steel  were  continued 
and  the  results  to  date  show  that  new  paints  such  as  basic  lead  silico-chromate 
and  zinc-rich  inorganic  paints  afford  equal  or  better  corrosion  resistance  than 
the  older  standard  paint  systems. 

A  report  of  a  survey  of  the  performance  and  economy  of  thermoplastic  traflSc 
striping  materials  for  highway^  was  completed.  The  survey  indicated  that  the 
high  initial  cost  of  this  material  made  it  somewhat  less  economical  than  regular 
traffic  paint  in  long-term  use  on  open  highways.  In  Washington,  a  field  research 
study  was  completed  on  semi-permanent  traffic  marking  materials.  Preformed 
traffic  buttons  gave  the  best  overall  visibility  under  rainy  conditions. 

A  study  in  Georgia  on  the  application  of  radioisotopes  for  evaluating  the 
performance  of  traffic  paints  was  continued.  A  cooperative  investigation  was 
continued  to  determine,  by  spectroscopic  tests,  the  uniformity  of  shipments  of 
traffic  paints.  Preliminary  results  indicate  the  value  of  both  infrared  and 
ultraviolet  spectroscopy  as  rapid  means  for  detecting  traffic  paint  adulteration 

A  revision  of  the  Federal  specification  for  traffic  paints  was  completed  and 
published.  The  revision  included  three  acceptable  compositions  for  traffic  paints 
of  improved  performance. 

A  report  on  the  potential  application  of  spectroscopic  methods  in  highway 
laboratories  as  a  rapid  means  of  testing  and  determining  the  uniformity  of 
materials  was  prepared. 

Road  surface  research 

Cooperative  research  on  the  riding  quality  of  pavements  was  continued  in  five 
States.  Chloe  profilometers  developed  at  the  AASHO  Road  Test  were  used  in 
a  nationwide  survey  conducted  by  Public  Roads  on  pavements  scheduled  for 
resurfacing.  The  average  "present  serviceability  index"  for  rigid  and  fiexible 
pavements  was  found  to  be  2.2  and  2.1,  respectively.  Two  of  these  devices 
have  been  acquired  by  Public  Roads  for  loan  to  State  highway  departments. 

A  promising  new  two-wheeled  skid-resistance  trailer  was  completed  and  will 
participate  in  the  skid  correlation  study  to  be  held  in  Virginia  in  August  1962. . 
The  British  portable  skid-resistance  tester  was  used.  in.  cooperative  studies  with 
A STM  Committee  E-17  on  Skid  Resistance  to  determine  the  relative  merits  of 
natural  and  synthetic  rubber  sliding  pads. 

Highway  guardrail  and  bridge  railing  research 

Full-scale  dynamic  tests  on  highway  barriers  by  New  York  in  cooperation  with 
the  Cornell  Aeronautical  Laboratory  were  expanded  to  include  limited  tests  of 
bridge  railing.  Impact  tests  have  been  made  with  automobiles  on  4-cable  and 
standard  steel-beam  guardrails  and  on  a  rigid-beam  rail  supported  on  flexible 
posts.  The  rigid-beam  rail  performed  adequately,  permitting  little  penetration 
and  preventing  vehicle  pocketing,  wheel  snagging,  rollover,  and  pitchover.    Math- 
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ematical  equations  representing  tlie  structural  response  of  guardrails  were  being 
developed. 

A  preliminary  analytical  study,  based  partly  on  the  barrier  tests,  was  made 
to  explore  optimum  characteristics  for  a  bridge  rail.  Full-scale  dynamic  tests 
will  be  made  on  the  standard  welded  steel  bridge  rail  used  in  New  York  and  on  a 
welded  steel  rail  based  upon  a  revised  specification  for  bridge  railing  prepared 
by  Public  Roads  for  consideration  by  the  AASHO  Committee  on  Bridges  and 
Structures. 

Bridge  research 

Dynamic  test  studies  of  bridges,  conducted  by  Public  Roads,  help  to  verify  or 
correct  the  assumptions  used  in  the  design  of  bridges.  A  report  was  published 
during  the  year  on  such  studies  in  Nebraska ;  reports  on  studies  in  Missouri  and 
South  Dakota  were  being  prepared.  Similar  studies  were  made  in  Virginia  and 
Texas  and  the  data  were  being  analyzed  by  the  States.  Plans  were  underway  to 
cooperate  with  New  York  and  Texas  in  dynamic  test  studies  of  concrete  bridges 
to  be  built  in  the  fall  of  1962  in  which  high-strength  reinforcing  steel  will  be 
employed  at  appropriate  high  design  stresses.  These  studies  will  seek  to  deter- 
mine the  effect  of  the  high  stress  upon  the  formation  of  cracks  in  the  concrete  and 
the  dynamic  behavior  of  the  bridge. 

Studies  made  in  the  Public  Roads  wind  tunnel  on  one-flftieth  scale  section 
models  of  the  proposed  suspension  bridge  over  the  Tagus  River  at  Lisbon,  Portu- 
gal, showed  that  the  structure  will  have  satisfactory  aerodynamic  stability. 
Wind  tunnel  studies  of  an  electronic  wind-measuring  device  being  developed  at 
the  University  of  Washington  showed  the  need  for  improvements,  which  were 
being  undertaken. 

Laboratory  studies  were  underway  to  determine  the  nature,  magnitude,  and 
significance  of  changes  in  the  properties  of  steel  brought  about  by  the  cold  form- 
ing of  flat  plates  into  welded  tapered  tubes  for  use  as  columns,  light  standards, 
sign  supports,  etc.,  and  the  effects  of  fabrication  processes  on  the  strength  of 
the  tubes. 

Current  revisions  in  the  specifications  and  commentary  of  the  Research  Council 
on  Riveted  and  Bolted  Structural  Joints,  used  as  a  guide  by  most  specification 
writing  bodies  in  this  field,  were  based  largely  on  the  results  of  Public  Roads  co- 
operative research  at  Lehigh  University  and  the  University  of  Illinois.  Two  re- 
ports were  published  on  the  plate  girder  studies  at  Lehigh  University  and  the 
project  was  continued.  Two  reports  were  being  prepared  on  the  cooperative 
tests  on  the  half -scale  model  of  a  200-foot  steel  truss  bridge  at  Northwestern  Uni- 
versity. These  reports  will  give  basic  information  and  will  detail  the  load- 
carrying  capacity  of  damaged  end  posts.  A  full  schedule  of  tests  is  in  progress. 
Cooperative  studies  at  the  University  of  Illinois  on  fatigue  in  various  grades  of 
steel,  welding  research,  and  inspection  practice  are  pursuing  urgent  problems. 
This  is  true  also  of  research  on  prestressed  concrete  at  several  universities. 

Research  on  epoxy  resins  for  structural  connections,  such  as  shear  development 
in  composite  construction,  advanced  at  Rensselaer  Polytechnic  Institute  and  the 
University  of  Arizona.  They  have  led  to  a  screening  of  suitable  formulations 
and  the  determination  of  their  fundamental  engineering  properties,  which  is  pre- 
requisite to  their  use  for  specific  purposes.  The  early  tests  show  promise  for  use 
in  shear  development. 

Initial  results  of  the  tests  at  North  Carolina  State  College  on  the  action  of 
diaphragms  between  steel  bridge  beams  were  being  analyzed  and  further  studies 
were  in  progress.  Similar  studies  with  respect  to  prestressed  concrete  bridges 
were  beginning  at  Lehigh  University.  A  report  on  full-scale  and  model  tests  on 
an  80-foot  concrete  box  girder  bridge  in  California  was  being  prepared. 
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Research  was  begun  in  cooperation  witli  a  number  of  States  to  investigate  the 
effectiveness  of  uretliane  foam  oi*  other  insulating  material  placed  on  the  under 
side  of  a  bridge  slab  to  reduce  the  tendency  of  icing  on  the  bridge  decks  w^hen 
the  approach  pavement,  resting  on  the  soil,  is  free  of  ice.  Two  studies  of  the 
efficiency  and  cost  of  electric  heating  of  bridge  decks  in  critical  situations  were 
also  in  progress. 

Analysis  was  underway  in  a  comprehensive  study  of  diesel  pile  drivers  in  com- 
parison with  conventional  steam  hammers  in  cooperation  with  the  Michigan 
State  Highway  Department  and  Wayne  University. 

Development  Activities 
Electronic   compviters 

Efforts  were  continued  during  the  year  to  extend  further  the  effective  use  of 
electronic  computers  in  the  highway  program.  Forty-eight  State  highway 
departments  were  using  computers  in  their  engineering  and  administrative 
operations,  and  the  range  of  applications  was  being  expanded  on  a  continuing 
basis.  As  part  of  this  effort,  Public  Roads  collaborated  with  the  American 
Association  of  State  Highway  Officials  in  conducting  regional  conferences  on 
improved  highway  engineering  productivity  at  Boston  in  August  1961  and  at 
San  Francisco  in  March  1962.  These  conferences,  devoted  largely  to  applications 
of  computers  and  other  electronic  devices,  included  sessions  on  new  and 
improved  methods,  procedures,  and  equipment,  with  substantial  participation 
by  Public  Roads. 

At  the  request  of  the  New  York  State  Department  of  Public  Works,  Public 
Roads  engineers  made  a  thorough  on-site  study  of  electronic  computer  use  in 
that  department,  covering  current  and  planned  applications  as  well  as  others  of 
potential  value.  Public  Roads  also  furnished  technical  advice  and  assistance  on 
electronic  computer  use  to  the  highway  departments  of  the  District  of  Columbia, 
Indiana,  and  West  Virginia.  Similar  assistance  was  given  to  visiting  highway 
officials  from  a  number  of  foreign  countries.  An  intensive  training  course  in 
computer  use  in  highway  location  and  design  was  conducted  for  Public  Roads 
headquarters  engineers. 

Two  additional  computer  programs  were  developed  in  universally  usable  form 
for  the  Public  Roads  electronic  computer  program  library — one  for  the  hydraulic 
analysis  of  culvert  flow,  and  one  for  the  critical  path  method  of  project  plan- 
ning, scheduling,  and  control — making  a  total  of  32  such  programs  available. 

Equipment   development   and  use 

Public  Roads  continued  to  encourage  the  development  and  use  of  new  and 
improved  equipment  in  highway  construction,  maintenance,  and  operations. 

The  development  of  more  practical  grade  reference  systems  for  construction 
was  promoted  among  equipment  and  electronic  device  manufacturers  in  order 
to  make  better  use  of  the  highly  sensitive  electronic  grade-following  devices 
which  have  been  developed  for  graders,  bituminous  finishers,  and  concrete  slip- 
form  pavers  for  improving  the  smoothness  of  base  and  surface  courses.  The 
commonly  used  string  and  wire  references  are  subject  to  sag  and  must  be 
installed  close  to  the  pavement  edge  where  they  interfere  with  the  operation  of 
other  construction  equipment. 

Efforts  were  being  made  through  membership  in  the  joint  subcommittees  of 
the  American  Association  of  State  Highway  Officials  and  the  American  Road 
Biiilders  Association  on  highway  construction  and  maintenance  equipment,  to 
develop  realistic  application  and  performance  guides  and  equipment  specification 
requirements  that  will  expedite  the  use  of  new  developments  of  proven  merit  in 
the  highway  work-flow  process. 
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Continuing  progress  was  made  witli  the  State  liighway  departments  during 
the  year  in  eliminating  restrictive  and  inapplicable  requirements  in  construction 
specifications.  An  additional  number  of  States  reduced  their  mixing  time 
requirement  for  multicompartment  pavers  used  in  the  production  of  Portland 
cement  concrete  pavements.  A  substantial  saving  was  achieved  in  production 
costs  without  sacrificing  quality.  Promotional  efforts  also  were  being  directed 
toward  reducing  disproportionately  high  mixing  times  for  producing  bituminous 
concrete. 

During  the  year  two  reports  of  national  scope  relating  to  materials  and 
equipment  were  prepared  by  Public  Roads.  The  first,  dealing  with  highway 
requirements,  was  presented  to  the  staff  of  the  Business  and  Defense  Services 
Administration  in  September  1961.  A  much  more  comprehensive  study,  TJie 
Use  of  Materials  for  the  'Nation's  HigMoays,  was  prepared  at  the  request  of  the 
Committee  on  Public  Works  of  the  United  States  Senate,  as  described  elsewhere 
in  this  report. 

Nuclear  energy  applications 

During  the  fiscal  year  Public  Roads  continued  to  promote  and  encourage  the 
use  of  nuclear  energy  applications  in  several  areas  of  highway  activity.  Mois- 
ture and  density  determinations  of  compacted  embankments  and  base  courses 
by  the  nuclear  method  advanced  substantially.  Of  the  some  40  States  using  or 
evaluating  the  use  of  nuclear  methods  for  compaction  control,  Pennsylvania,  in 
cooperation  with  Public  Roads,  was  the  first  to  make  a  statewide  evaluation 
of  the  new  method  for  formulating  a  standard  testing  procedure.  With  com- 
mercial availability  of  three  nuclear  moisture-density  gages,  an  improved 
climate  existed  for  promoting  the  advanced  method. 

Public  Roads,  in  cooperation  with  two  State  highway  departments,  advanced 
the  development  of  nuclear-energized,  self-luminous  highway  signs.  The  eco- 
nomic advantage  of  a  self-energized  sign  has  intensified  research  and  develop- 
ment efforts  in  this  area. 

Public  Roads  promoted  the  development  of  a  nuclear  gage  to  measure  the 
thickness  of  bituminous  pavement  elements  at  the  time  of  placement  and  during 
its  in-service  life.  Modification  of  a  nuclear  device  was  also  placed  under  devel- 
opment as  an  instrument  for  use  in  controlling  the  thickness  of  bituminous 
pavement  elements  at  time  of  placement.  Use  of  radioisotopes  in  the  develop- 
ment of  a  traffic  paint  thickness  gage,  wear  test  measurement,  and  spray  appli- 
cator was  started  during  the  year.  Consideration  of  the  possible  use  of  nuclear 
energy  to  improve  soils  for  engineering  purposes  and  as  a  source  of  heat  in  snow 
and  ice  melting  was  sponsored  by  Public  Roads.  The  Atomic  Energy  Commis- 
sion was  cooperating  with  Public  Roads  in  studying  the  implementation  of 
nuclear  energy  for  highway  purposes,  particularly  where  basic  research  was 
indicated  as  essential  in  the  development  of  a  beneficial  application. 

Public  Roads  continued  in  the  advancement  of  new  techniques,  using  the 
principles  of  acoustics  for  nondestructive  testing  of  structures  and  analyzing 
of  materials.  Development  of  the  sonic  method  to  determine  soil  properties  was 
encouraged,  as  was  the  utilization  of  ultrasonic  measurements  of  pavement 
thickness  and  soundness.  Extensive  and  general  use  of  acoustics  in  industry 
awaits  a  breakthrough  of  an  economic  energy  source.  Public  Roads  continued 
to  keep  abreast  of  these  developments. 

Public  Roads  encouraged  the  use  of  infrared  and  ultraviolet  spectroscopy 
in  analyzing  paint  components  to  ensure  quality  control  for  highway  purposes. 
Twelve  State  highway  departments  were  using  spectrophotometi-y  methods  for 
analysis  and  quality  control  of  various  highway  materials. 
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Highway  construction   and   maintenance   production  studies 

A  report  covering  findings,  conclusions,  and  recommendations  of  tlie  coop- 
erative study  of  Iowa  highway  maintenance  operations  was  completed  and  was 
published  by  the  Highway  Research  Board.  The  manner  of  presentation  was 
intended  to  stimulate  all  States  in  achieving  better  efiiciency  and  improved 
methods  of  manpower  and  equipment  use  for  the  steadily  growing  highway 
maintenance  workload.  This  report,  the  first  of  its  kind,  served  as  a  guide 
for  State-conducted  highway  maintenance  management  seminars  during  the 
year. 

Studies  were  continued  on  improved  drying  of  aggregates  for  bituminous 
highway  pavements  through  a  cooperative  research  study  at  Ohio  State  Uni- 
versity. This  work  was  supplemented  with  data  from  field  observations  of 
production  model  dryers.  A  cooperative  research  study  was  started  at  Stan- 
ford University  to  develop  computer  simulation  of  construction  equipment  op- 
erations. This  effort  is  directed  toward  validation  of  a  statistical-computer 
approach  to  properly  balanced  selection  and  use  of  equipment  on  highway  con- 
struction operations. 

Field  production  studies  were  completed  on  28  projects,  including  several 
involving  urban  expressway  construction,  from  which  data  were  obtained  on 
effective  use  of  equipment  time,  performance,  and  productivity  on  construction 
jobs.  Thirty  junior  engineers  participated  in  these  studies  as  assignments  in 
the  Public  Roads  training  program.  Eight  of  the  projects  involved  extensive 
study  of  the  thermal  eificiency  of  aggregate  drying  operations  for  bituminous 
highway  pavements.  Work  progressed  in  the  preparation  of  additional  reports 
in  the  series  of  Road  Research  Releases,  issued  by  the  Highway  Research 
Board,  using  data  developed  from  these  equipment  field  studies. 

Procedures  and  operations 

In  its  continuing  mission  of  contributing  toward  the  reduction  of  construc- 
tion costs  while  at  the  same  time  assuring  high  quality  work,  Public  Roads 
made  studies  of  construction  specifications  with  the  view  toward  effecting  econ- 
omy through  simplification,  standardization,  and  uniform  application  of  the 
study  findings. 

An  analysis  made  of  coarse  aggregate  sizes  specified  by  the  50  State  high- 
way departments,  the  District  of  Columbia,  and  Puerto  Rico  for  portland 
cement  concrete  for  pavements  and  structures  revealed  wide  variations  from 
established  standards.  Some  215  dissimilar  coarse  aggi'egate  sizes  were  used 
for  those  items  alone.  Only  seven  aggregate  sizes  are  recommended  for  use 
in  concrete  pavements  and  structures  in  the  AASHO  approved  standards.  Wide 
variations  also  existed  in  the  sizes  of  coarse  aggregates  specified  for  bitumi- 
nous surfaces.  These  findings  led  to  comprehensive  studies  of  aggregate  prob- 
lems by  a  committee  of  Public  Roads  technical  experts.  A  consequent  re- 
port, Aggregate  Gradation  for  Highways,  was  published  in  May  1962.  The 
report  stressed  the  need  for  simplification,  standardization,  and  uniform  ap- 
plication of  highway  aggregate  specifications.  The  report  also  included  a  new 
graphic  evaluation  chart  which  facilitates  the  selection  of  aggregate  sizes  for 
bituminous  mixes. 

Other  studies  were  made  on  the  use  of  base-course  stabilization  materials, 
guardrail,   and   aluminum   culvert  pipe. 

Experimental  projects 

In  cooperation  with  State  highway  departments  and  private  industries.  Pub- 
lic Roads  continued  to  sponsor  an  experimental  program  using  new,  non- 
standard,  or  alternate  designs,  new  materials,  and  new  methods  in  highway 
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construction.  During  the  fiscal  year  245  experimental  projects  were  active, 
involving  45  different  features.  Analysis  summaries  were  prepared  on  the 
use  of  lime  in  bituminous  mixes  and  for  stabilizing  subbases  and  subgrades, 
preservative  coatings  for  Portland  cement  concrete  pavements,  and  skewed  con- 
traction joints  in  concrete  pavements.  Analyses  were  underway  on  the  disin- 
tegration of  concrete  bridge  decks  from  the  action  of  de-icing  salts,  and  failures 
of  some  concrete  pipe  installations  under  various  heights  of  fills.  Work  was 
undei-way  on  a  revision  of  summaries  on  continously  reinforced  concrete  pave- 
ments and  on  soil-cement  bases,  subbases,  and  subgrades.  Several  new  experi- 
mental projects  were  initiated,  employing  new  designs  and  construction  tech- 
niques which  promise  to  make  further  advances  in  the  field  of  construction. 
The  experimental  use  of  such  material  as  asbestos  fibers,  urethane,  sulfur, 
epoxies,  and  elastic  joint-sealing  compound  was  encouraged  and  useful  results 
may  materialize. 

Foreign  Activities 
Inter-American  ELighway 

Since  1930  the  United  States,  through  the  Bureau  of  Public  Roads,  has 
been  assisting  the  Republics  of  Guatemala,  El  Salvador,  Honduras,  Nicaragua, 
Costa  Rica,  and  Panama  in  the  construction  of  the  Inter-American  Highway, 
which  is  that  section  of  the  Pan  American  Highway  System  from  Nuevo  La- 
redo, on  our  Mexican  border,  to  Panama  City  at  the  Pacific  terminal  of  the 
Panama  Canal,  a  distance  of  3,142  miles.  The  section  of  the  highway  in  Mexico 
has  been  financed  and  constructed  entirely  by  Mexico.  Connecting  highways 
from  El  Paso,  Tex.,  and  Nogales,  Ariz.,  afford  more  direct  routes  to  Mexico 
City  from  the  western  United  States. 

At  the  end  of  the  fiscal  year  96  percent  of  the  Inter-American  Highway  was 
passable  in  all  kinds  of  weather  by  motor  vehicles.  Of  the  total  length  of 
3,142  miles,  2,627  miles  were  paved,  382  miles  had  a  gravel  all-weather  surface, 
and  only  133  miles  in  southern  Costa  Rica,  where  39  bridges  were  under  con- 
struction, were  impassable.  Upon  completion  of  these  bridges  in  late  1962  the 
entii-e  highway  will  be  passable  at  all  times.  The  condition  of  the  Intei-- 
American  Highway  in  the  Central  American  Republics  and  the  work  ac- 
complished during  the  fiscal  year  are  described  in  the  following  paragraphs. 

In  Guatemala,  base  course  and  paving  construction  was  completed  from  Los 
Encuentros  to  San  Cristobal,  a  distance  of  39  miles,  and  8  bridges  were  com- 
pleted. The  highway  was  passable  at  all  times  for  its  full  length  of  313  miles, 
of  which  161  miles  were  paved  and  152  miles  had  an  all-weather  gravel  surface. 

In  El  Salvador,  the  highway  was  completed  throughout  the  country. 

In  Honduras,  the  highway  was  completed  during  the  year  and  was  paved  for 
its  full  length  of  94  miles. 

In  Nicaragua,  the  highway  was  completed  during  the  year  except  for  a  28- 
mile  section  between  Nandaime  and  Rivas,  paved  many  years  ago,  which  now 
needs  repairing  and  resurfacing.  The  balance  of  210  miles  in  Nicaragua  has  a 
good  paved  surface. 

In  Costa  Rica,  work  progressed  on  the  construction  of  39  bridges  between  San 
Isidro  and  the  Panama  border.  These  were  scheduled  for  completion  late  in 
1962.  During  the  year  repairs  were  made  on  the  68-mile  highway  section  from 
Las  Canas  to  San  Ramon,  and  plans  were  made  for  paving  the  unpaved  sections. 

In  Panama,  the  17-mile  section  from  the  Costa  Rica  border  to  Concepcion  was 
paved  with  concrete.  Concrete  paving  was  also  begun  on  the  37-mile  section 
between  Puerto  Escondido  and  Guabala.  Work  progressed  slowly  on  the  62- 
mile  cut-off  between  Guabala  and  Santiago.  Some  35  miles  of  grading,  drain- 
age, subbase  work,  and  several  bridges  were  under  construction.  At  the  end  of 
the  year  this  work  was  nearly  complete.     Four  bridges  were  under  construction 
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between  Puerto  Escondido  and  Guabala.  The  highway  was  passable  at  all  times 
in  Panama,  since  the  old  road  was  being  used  where  the  62-mile  cut-off  was 
under  construction. 

Other   Central  American   projects 

In  Guatemala,  Public  Roads  continued  furnishing  technical  engineering  as- 
sistance to  the  Agency  for  International  Development  in  connection  with  the 
construction  and  improvement  of  the  Pacific  Highway  from  the  Mexican  border 
to  the  border  of  El  Salvador,  and  a  rural  development  road  program. 

In  Nicaragua,  the  United  States  was  assisting  financially  in  the  construction 
of  the  Rama  Road,  which  will  form  the  main  transportation  link  between  the 
settled  portions  of  Nicaragua  on  the  Pacific  coast  and  the  large  undeveloped 
fertile  areas  of  eastern  Nicaragua  and  the  Atlantic  Ocean.  The  1.5.5-mile  route 
extends  eastward  from  San  Benito  on  the  Inter-American  Highway  to  Rama,  a 
potential  river  port  on  the  Escondido  River.  Between  194.3  and  1948  an  all- 
weather  road  was  completed  from  San  Benito  to  Villa  Somoza,  a  distance  of  92 
miles.  Work  was  resumed  in  1955,  and  since  then  58  miles  of  construction 
have  been  put  under  contract,  including  15  bridges,  of  which  48  miles  were 
completed. 

Nicaragua  has  begun  a  program  of  construction  and  repair  on  secondary 
and  farm-to-market  roads,  with  the  aid  of  loans  from  the  Export-Import  Bank 
and  the  Agency  for  International  Development.  At  the  request  of  Nicaragua, 
Public  Roads  agreed  to  furnish  a  supervising  engineer  and  necessary  engineering 
and  accounting  assistants  to  aid  in  this  program. 

In  Costa  Rica,  an  equipment  specialist  continued  to  assist  in  the  purchase  and 
maintenance  of  construction  equipment  and  training  of  operators,  and  an  engineer 
aided  in  the  supervision  of  construction  of  the  San  Jose-El  Coco  Airport  being 
financed  with  a  loan  from  the  Export-Import  Bank.  During  the  year  Costa 
Rica  obtained  a  World  Bank  loan  for  the  construction  and  improvement  of  a 
national  system  of  highways  referred  to  as  the  Plan  Vial.  At  the  request  of 
Costa  Rica,  Public  Roads  agreed  to  furnish  five  engineers  and  technicians  to 
cooperate  in  the  carrying  out  of  the  program. 

In  Panama,  three  equipment  specialists  continued  to  assist  in  the  operation 
and  maintenance  of  construction  equipment  and  the  training  of  operators. 

A  highway  through  the  Darien  Gap,  the  last  impassable  section  of  the  Pan 
American  Highway  System,  stretching  450  miles  through  the  jungles  of  southern 
Panama  and  northern  Colombia,  came  a  step  nearer  realization  with  the  al- 
location of  $2  million  by  the  Agency  for  International  Development  to  the 
Organization  of  American  States  for  the  survey  and  preparation  of  plans  for 
this  section.  When  completed,  it  will  provide  the  first  means  of  land  com- 
munication between  North  and  South  America.  An  additional  $1  million  is  to 
be  furnished  by  the  member  countries  of  the  OAS.  The  Bureau  of  Public  Roads 
was  cooperating  with  the  OAS,  through  the  Pan  American  Union  and  the  Darien 
Gap  Subcommittee  of  the  Pan  American  Highway  Congress,  in  getting  the  survey 
underway,  and  will  actively  participate  in  its  supervision. 

Other  foreign   aid  activities 

Since  the  end  of  World  War  II  the  Bureau  of  Public  Roads  has  provided 
technical  assistance,  advice,  and  consultation  to  many  foreign  countries  in  co- 
operation with  the  Department  of  State,  the  Export-Import  Bank,  and  the  Inter- 
national Bank  for  Reconstruction  and  Development  (World  Bank).  The  objec- 
tives of  such  assistance  have  been  to  develop  and  further  the  programs  of 
highway  improvement  and  communications  in  those  countries,  thus  fostering 
their   economic   and   social  growth.     Emphasis  has  been   giviin   to  aiding   the 
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countries  to  establish  competent  liigliway  organizations  and  to  train  nationals  to 
staff!  them. 

Public  Roads  actively  participated  in  such  programs  in  15  countries  during 
fiscal  year  1962.  Programs  in  13  of  these — Cambodia,  Colombia,  Jordan,  Laos, 
Lebanon,  Liberia,  Nepal,  Peru,  the  Philippines,  Spain,  Sudan,  Turkey,  and 
Yemen — were  sponsored  by  the  U.S.  Agency  for  International  Development 
(AID).  The  programs  in  Ethiopia  and  Iran  were  respectively  financed  by  loans 
from  the  World  Bank  and  the  Export-Import  Bank. 

The  assistance  programs  carried  on  during  the  fiscal  year  were  all  continu- 
ations of  programs  begun  in  previous  years.  The  programs  in  Lebanon,  Liberia, 
and  Spain  were  phased  out  on  June  30,  1962,  so  far  as  AID  sponsorship  was  con- 
cerned, but  the  programs  in  Lebanon  and  Spain  were  being  continued  under  the 
auspices  of  the  respective  national  governments. 

Cambodia. — Public  Roads  activities  in  Cambodia  during  the  year  were  con- 
cerned with  the  rehabilitation  and  maintenance  of  the  Khmer-American  Friend- 
ship Highway,  connecting  the  capital,  Phnom  Penh,  with  the  port  city  of 
Sihanoukville  on  the  Gulf  of  Siam.  The  Public  Roads  staff  of  14  men  completed 
materials  testing  and  other  field  engineering  work,  and  prepared  contract  plans 
and  specifications  for  the  rehabilitation  of  this  133-mile  highway.  It  was  ex- 
pected that  construction  would  start  in  November  1962.  All  maintenance  work 
on  this  highway  was  under  Public  Roads  supervision.  A  seal  coat  was  applied  to 
two-thirds  of  the  highway  to  protect  the  roadway  from  heavy  monsoon  rains. 
One  half-mile  section,  damaged  by  landslides,  was  reconstructed.  Training  of 
Cambodian  technicians  in  material  testing  was  continued  and  implemented  by 
field  experience.  Equipment  rehabilitation  work  progressed,  and  Cambodian 
personnel  were  trained  in  equipment  maintenance  and  operation. 

Colombia. — Continuing  activities  begun  in  1961  at  the  request  of  AID  and  the 
Colombian  Government,  a  Public  Roads  engineer  provided  technical  advice  and 
assistance  of  wide  scope  to  the  Ministry  of  Public  Works  throughout  the  year. 
Help  was  also  given  in  the  establishment  and  operation  of  the  Pan  American 
Highway  Training  Center  for  equipment  operators  in  Bahia  Solano,  for  which 
the  United  States  provided  $250,000  worth  of  construction  equipment.  A  high- 
way transportation  division  was  established  in  the  AID  Mission  in  Colombia 
and  the  Public  Roads  engineer  served  as  its  highway  advisor. 

Ethiopia. — The  contract  between  the  Bureau  of  Public  Roads  and  Ethiopia, 
through  which  Public  Roads  provides  principal  management  personnel  to  the 
Ethiopian  Imperial  Highway  Authority,  was  in  its  12th  year.  At  the  close  of 
the  year  18  Public  Roads  engineers  and  administrative  personnel  were  in 
Ethiopia.  The  salaries  and  other  costs  of  16  were  being  paid  by  Ethiopia,  the 
other  2  being  financed  by  AID. 

During  the  year  45  miles  of  road  were  constructed  by  contract  and  65  miles 
were  built  by  the  Highway  Authority's  own  forces.  These  additions  to  the 
designated  primary  system  brought  the  total  of  all-weather,  regularly  main- 
tained roads  to  approximately  3,000  miles.  In  addition,  75  miles  of  dry- 
weather  roads  were  kept  in  traversable  condition  during  the  dry  season,  pending 
their  reconstruction. 

A  notable  accomplishment  of  the  year  was  the  virtual  completion  of  the 
480-foot-long  Blue  N'ile  Gorge  viaduct  and  its  approaches,  near  Lake  Tana,  source 
of  the  Nile.  An  unusual  structure  for  this  part  of  the  world,  tlie  concrete  deck 
on  concrete  piers  features  a  reverse  curve  accommodated  to  the  diflicult  terrain 
and  foundation  conditions.  The  23i/2-mile  project,  estimated  to  cost  $3  million, 
was  being  built  by  an  Italian  firm.  The  previously  constructed  main  bridge 
over  the  Blue  Nile  is  864  feet  long,  including  a  623-foot  main  arch  span. 

Iran. — Public  Roads  technical  advice  and  assistance  to  the  Ministry  of  Roads 
in  Iran  was  carried  on  through  a  2-year,  $3.5  million  Export-Import  Bank  loan, 
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earmarked  largely  for  equipment  and  spare  parts.  Public  Roads  work  in  Iran 
was  primarily  centered  in  a  maintenance  program,  although  considerable  effort 
was  spent  in  organizing  and  training  a  highway  department,  including  divisions 
of  design,  construction,  and  programing  and  planning,  and  a  testing  laboratory. 
Public  Roads  assisted  in  the  operation  of  training  schools  for  equipment 
mechanics  and  operators  at  which  200  students  completed  courses. 

Iran  has  been  trying  to  put  as  much  of  its  16,000-mile  road  system  tinder 
machine  maintenance  as  possible.  Preventive  maintenance  was  stressed.  Some 
4,400  miles  were  being  maintained  by  machinery,  the  remainder  by  hand  labor. 
During  the  year  the  Ministry  of  Roads  surface  treated  180  miles  of  roads,  using 
its  own  equipment. 

During  the  year  a  highway  sign  shop  was  put  in  operation  and  some  3,000 
highway  signs  were  erected.  These  were  designed  according  to  the  1954  Geneva 
Conference  standards. 

Forty  Public  Roads  personnel  were  in  Iran,  about  half  in  Tehran  and  the 
rest  stationed  throughout  the  country. 

Jordan. — During  the  fiscal  year  Public  Roads,  in  cooperation  with  AID,  con- 
tinued technical  assistance  to  the  Government  of  Jordan's  Ministry  of  Public 
Works  in  highway  and  bridge  design,  construction,  maintenance,  materials  test- 
ing, and  the  repair  and  maintenance  of  highway  equipment.  Public  Roads 
personnel  also  worked  closely  with  the  Ministry  in  the  formation  and  staffing  of 
an  integrated  highway  organization. 

During  the  year  20  miles  of  crushed  rock  base  were  placed,  primed,  and  sealed, 
and  a  2-mile  demonstration  pavement  was  completed  at  the  entrance  to  Amman. 
Construction  by  contract  and  day  labor  continued  on  the  Jerusalem-Dead  Sea 
highway,  which  was  scheduled  for  completion  by  December  1962.  Construction 
was  completed  on  6%  miles  of  crushed  stone  base,  prime,  and  seal  highway  from 
near  Wadi  Musa  to  Petra.  All  maintenance  equipment  for  the  Amman  District 
was  received  during  the  year,  and  the  training  of  personnel  in  mechanized  high- 
way maintenance  was  started  and  continued  through  the  year  with  good  results. 

The  Public  Roads  13-man  staff  in  Jordan  was  reduced  to  9  by  the  end  of  the 
year. 

Laos. — During  the  year  Public  Roads  continued  the  assistance  program  in 
Laos  initiated  in  19.59,  but  operations  were  handicapped  by  increasingly  un- 
settled conditions  which  resulted  in  some  shifting  of  the  program  and  the  use 
of  equipment,  personnel,  and  supplies,  and  in  increasing  costs  for  local  supplies 
and  labor.  The  Public  Roads  staff  consisted  of  only  3  men  during  most  of  the 
period,  but  at  the  close  of  the  year  the  political  situation  was  such  that  AID 
had  agreed  to  increasing  the  staff  to  14. 

Construction  was  completed  during  the  year  on  28  miles  of  primary  routes 
and  on  22  miles  of  important  secondary  routes.  Ten  wooden  bridges  were  re- 
constructed, and  several  bridges  which  had  been  washed  out  or  damaged  were 
reconstructed.  The  large  stock  of  Bailey  Bridge  components  stored  at  Bangkok 
was  moved  to  a  storage  area  at  Korat  in  Thailand,  along  with  12  power  cranes. 

Shops  at  the  principal  repair  center  were  greatly  improved  during  the  year, 
and  most  of  the  heavy  shop  equipment  was  installed.  The  repair  of  road  equip- 
ment was  progressing  at  a  much  faster  rate  than  formerly,  the  receipt  of  repair 
parts  and  tools  being  the  limiting  factor.  Subdivision  shops  were  also  improved, 
and  an  extensive  training  program  in  repair  and  warehousing  activities  was  in 
progress. 

Lebanon. — The  fiscal  year  was  the  fourth  year  of  Bureau  of  Public  Roads 
activities  in  Lebanon.  During  the  year  the  Lebanese  Highway  Department  re- 
ceived no  new  economic  assistance  funds  from  AID  other  than  a  hold-over  amount 
of  P.L.  480  (surplus  grain)  funds,  earmarked  for  labor  costs  in  drought-stricken 
areas. 
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The  Public  Roads  staff  made  a  detailed  study  of  the  highway  department's 
design  and  field  survey  activities,  recommending  ways  to  increase  production 
and  to  take  care  of  current  work  and  build  up  a  stockpile  of  plans  for  the  future. 
Continued  assistance  was  given  in  the  planning  and  construction  of  freeways 
connecting  major  centers  of  population  along  the  coastal  area.  Promotion  of 
the  activities  of  the  materials  laboratory  was  also  continued,  and  other  sections 
of  the  highway  department  were  given  a  better  understanding  of  its  value  and 
capabilities.  Training  continued  at  the  central  highway  equipment  shop.  Speci- 
fications were  prepared  for  new  equipment  to  be  purchased  by  the  Government 
of  Lebanon.  Two  manuals  were  jointly  prepared  and  printed,  one  dealing  with 
testing  of  highway  materials  and  the  other  a  modification  of  the  AASHO  Policy 
on  Geometric  Design,  converted  to  the  metric  system. 

The  Public  Roads  staff  of  six  was  reduced  to  two  at  the  end  of  the  year.  Al- 
though the  AID  program  in  Lebanon  was  phased  out  on  June  30,  1962,  an  agree- 
ment was  completed  between  the  Government  of  Lebanon  and  AID  to  keep  two 
Public  Roads  engineers  in  Lebanon  during  fiscal  year  1963  at  the  expense  of  the 
Government  of  Lebanon. 

Liberia. — The  Public  Roads  assistance  program  in  Liberia,  which  began  in 
19.52,  was  terminated  on  June  30,  1962.  Liberia  enacted  legislation  during  the 
year  to  reorganize  its  government  departments,  and  the  functions  of  the  existing 
Division  of  Highways  will  be  distributed  among  several  divisions  in  the  re- 
organized Department  of  Public  Works  and  Utilities. 

Highway  construction  continued  during  the  year,  opening  new  areas  and  aid- 
ing in  the  economic  development  of  the  country.  Equipment  for  road  construction 
under  the  Liberian  rural  area  development  program  arrived  during  the  year,  and 
12  miles  of  road  were  built  with  it.  Only  routine  maintenance  was  performed 
during  the  year,  and  excessive  equipment  downtime  greatly  reduced  the  effective- 
ness of  the  maintenance  crews.  Routine  testing  of  aggregates  and  concrete 
samples  continued,  but  at  a  much  reduced  rate,  and  shop  activities  were  cur- 
tailed during  the  year  by  a  lack  of  funds  for  parts. 

During  the  year  three  Liberians  returned  from  training  in  the  United  States — 
a  materials  technician,  an  asphalt  maintenance  foreman,  and  an  automotive 
mechanic.  At  the  end  of  the  year  four  Liberians  were  in  the  United  States 
studying  civil  engineering,  two  under  AID  sponsorship  and  two  sponsored  by  the 
Liberian  Government. 

Nepal. — Public  Roads  has  been  furnishing  technical  assistance  to  the  Govern- 
ment of  Nepal  in  highway  improvement  since  1958  under  a  joint  agreement 
among  the  Governments  of  Nepal,  India,  and  the  United  States.  The  program 
involved  improvement  of  existing  roads  and  construction  of  others  totaling  over 
800  miles,  and  training  of  a  Nepalese  staff  in  modern  highway  procedures. 
Throughout  the  fiscal  year  efforts  of  the  seven-man  Public  Roads  staff  were  con- 
centrated largely  on  scattered  construction  work  on  low-standard  projects,  de- 
signed and  located  to  improve  existing  rural  routes  and  to  open  up  new  areas.  At 
the  end  of  the  fiscal  year  negotiations  were  underway  to  concentrate  road  con- 
struction in  a  more  limited  area,  with  more  emphasis  on  the  training  of  Nepali 
for  future  highway  activities. 

Peru. — Since  November  1960  Public  Roads  has  assisted  the  Government  of 
Peru  in  planning  and  implementing  highway  projects  being  financed  with  $26.3 
million  in  loans  from  AID  and  the  Export-Import  Bank.  Construction  was 
started  during  the  year  on  projects  totaling  176  miles,  and  an  additional  347 
miles  of  roads  were  being  designed.  As  part  of  the  loan  program  Public  Roads 
advised  on  the  selection  of  highway  construction  equipment  costing  $1.4  million. 
The  Public  Roads  staff  also  assisted  the  AID  emergency  highway  program  in  the 
Department   (province)    of  Puno  Avhere  drought  conditions  were  severe.     As  a 
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relief  measure,  5,000  laborers  were  employed  on  the  construction  of  220  miles  of 
roads.  Two  Public  Roads  engineers  were  in  Peru  approximately  half  of  tlie 
year,  with  one  remaining  in  Lima  at  the  end  of  the  year. 

The  Philippines. — Three  Public  Roads  advisors  provided  under  a  1960  agree- 
ment were  in  the  Philippines  by  October  1961.  These  advisors  were  helping  to 
implement  a  new  highway  program  financed  in  part  by  a  loan  from  the  Develop- 
ment Loan  Fund  of  up  to  $18.75  million  for  procuring  equipment,  materials,  and 
equipment  repair  parts  for  highway  and  bridge  projects  and  the  rehabilitation 
of  existing  equipment.  The  Philippine  Government  was  investing  an  equivalent 
amount  in  the  total  undertaking. 

By  the  end  of  the  year,  87  bridge  plans  had  been  reviewed  and  plans  for  widen- 
ing and  resurfacing  of  18  miles  of  2-lane  roadway  and  the  construction  of  about 
29  miles  of  new  4-lane  freeways  were  reviewed  and  approved.  Some  $2.2  million 
worth  of  equipment  and  spare  parts,  $1.4  million  worth  of  bridge  and  roadway 
materials,  and  $4.2  million  worth  of  repair  parts  for  construction  equipment  re- 
habilitation had  been  certified  as  eligible  for  procurement  under  terms  of  the 
loan  and  subsequently  financed.  About  70  percent  of  the  total  value  of  items 
financed  had  been  procured. 

Spain. — The  Public  Roads  technical  assistance  program  in  Spain  under  the 
Mutual  Security  Act  ended  on  June  30,  1962,  but  the  program  was  being  con- 
tinued for  another  year  with  financing  by  the  Direecion  General  de  Carreteras. 
Under  this  project  the  four  Public  Roads  engineers  in  Spain  at  the  end  of  the 
year  will  remain  during  fiscal  year  1963  and  will  continue  to  furnish  guidance 
and  assistance  in  highway  organization  and  administration,  planning  and  trafllc, 
maintenance,  and  urban  planning  and  design. 

During  the  year  a  study  of  the  existing  Spanish  highway  organization  was 
undertaken,  and  a  number  of  desirable  improvements  were  effected.  Planning 
and  traffic  activities  were  concentrated  on  completion  of  a  highway  inventory 
and  on  preparation  of  the  Plan  General  de  Carreteras,  which  furnished  the  basis 
for  the  16-year  program  of  highway  improvement  required  by  law.  Urban  plan- 
ning and  design  assistance  was  devoted  largely  to  the  improvement  of  procedures 
and  standards.  A  plan  for  establishing  maintenance  control  sections  was  de- 
veloped and  was  being  put  into  effect. 

Four  Spanish  engineers  spent  3  months  in  the  United  States  studying  main- 
tenance organization,  operation,  and  methods,  and  a  fifth  engineer  was  sent  to 
the  United  States  for  training  in  accounting  procedures. 

Sudan. — The  Public  Roads  program  started  in  the  Sudan  in  1957  was  con- 
tinued throughout  the  year,  with  Public  Roads  engineers  and  equipment  special- 
ists furnishing  technical  advice  and  training  to  Ministry  of  Works  technicians  in 
highway  design,  construction,  and  maintenance  and  in  equipment  operation  and 
maintenance.  Ten  Public  Roads  personnel  were  in  the  Sudan  at  the  end  of  the 
year. 

A  project  designed  to  strengthen  planning  functions  was  initiated  during  the 
year.  Also,  a  second  maintenance  demonstration  project  was  begun  to  provide 
a  22-mile  all-weather  route  between  Khartoum  and  Jebel  Aulia  Dam  on  the  White 
Nile.  Construction  of  the  18-mile  Khartoum-North  Habbashi  Station  demonstra- 
tion project  was  virtually  complete  at  the  end  of  the  year,  and  traflSc  using  the 
road  was  almost  triple  that  on  the  former  dirt  track.  Construction  of  the  110- 
mile  Khartoum-Wad  Medani  project  was  still  being  deferred  at  the  end  of  the 
year,  pending  approval  of  final  contract  documents. 

Public  Roads  personnel  made  field  inspections  and  provided  technical  liaison 
between  the  Sudan  Government,  AID,  and  a  consulting  firm,  which  completed 
a  feasibility  study  of  a  proposed  highway  linking  the  capital  to  the  country's 
principal  port-of-entry  at  Port  Sudan.     An  equipment  specialist  was  assigned  to 
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Culvert  installation  on  the  highway  north  of  Khartoum,  in  the  Sudan. 

Juba  to  advise  Sudanese  personnel  in  ttie  operation,  maintenance,  and  repair 
of  constriiction  and  sliop  equipment  and  in  proper  liighway  maintenance  opera- 
tions in  the  southern  provinces. 

In  addition  to  various  pliases  of  on-the-job  training  being  carried  on,  13  Suda- 
nese were  sent  abroad  for  observation  tours  and  practical  training  in  modern 
highvpay  engineering  practices.  Some  of  these  individuals  had  already  returned 
to  responsible  posts  in  their  respective  Ministries. 

Turkey. — The  Public  Roads  specialist  assigned  to  Turkey  to  assist  in  the  in- 
stallation of  an  electronic  computer  and  in  the  development  of  a  program  for  its 
use  completed  his  1-year  assignment  in  April  1961,  but  returned  to  Turkey  in 
October  to  assist  in  developing  further  applications  for  the  computer.  The 
computer  is  now  in  actual  productive  use  60  percent  of  the  time.  It  is  being  used 
in  highway  planning  and  programing,  highway  and  bridge  design,  construction, 
and  finance  and  adminstration,  including  processing  the  monthly  payrolls  for 
25,000  employees  and  general  cost  distribution.  Procedures  were  being  developed 
at  the  end  of  the  year  to  utilize  the  computer  for  controlling  the  huge  inventory 
of  highway  equipment  parts  and  supplies  maintained  by  the  Turkish  Directorate 
of  Highways. 

Yemen. — At  the  close  of  the  year,  1,075  Yemeni  employees  were  being  super- 
vised by  41  Public  Roads  engineers  and  technicians  and  15  third  country  nationals. 
Construction  was  completed  during  the  year  on  70  miles  of  the  260-mile  Mocha- 
Taiz-Sanaa  road  project  at  a  cost  of  $47,000  per  mile.  The  Mocha-Taiz  section 
will  be  completed  early  next  year  and  work  on  the  Taiz-Sanaa  section  was  well 
underway.  Travel  time  between  the  Port  of  Mocha  and  Taiz  had  been  reduced 
from  6  hours  to  3  for  commercial  trucks,  and  upon  completion  of  the  Mocha- 
Taiz  section  it  should  be  reduced  to  2^2  hours. 

Plans  were  underway  for  development  of  a  maintenance  section  in  the  Min- 
istry of  Public  Works,  to  take  over  maintenance  of  the  Mocha-Taiz  road  as 
soon  as  it  is  completed.  Also,  an  extensive  training  program  was  being  carried 
on  to  train  Yemeni  personnel  in  highway  construction  and  maintenance  tech- 
niques for  the  nucleus  of  a  future  highway  department  for  the  Government  of 
Yemen. 

Foreign  sludy  programs 

Study,  observation,  and  training  programs  of  foreign  engineers  during  fiscal 
year  1962  did  not  reach  the  peak  of  the  previous  year.     The  Bureau  of  Public 
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Roads,  through  the  cooperation  of  the  States,  counties,  cities,  and  industry,  ar- 
ranged programs  for  221  foreign  highway  officials,  engineers,  and  technicians  from 
50  countries.  These  visitors  were  provided  with  603  man-months  of  study.  The 
majority  of  visitors  were  sponsored  by  the  Agency  for  International  Development. 
Others  were  referred  to  Public  Roads  through  the  Bureau  of  Educational  and 
Cultural  Exchange  of  the  Department  of  State,  the  United  Nations,  private 
foundations,  and  by  their  own  governments.  Twenty-two  foreign  engineers, 
representing  10  countries,  began  the  second  group  program  in  Ohio  during 
March  1962.  The  first  such  program,  inaugurated  during  fiscal  year  1961  and 
concluded  in  September  1961,  proved  very  successful.  Similar  group  programs 
were  being  planned  in  other  States  during  the  fiscal  year. 

Through  the  Cultiiral  Exchange  Program  of  the  Department  of  State,  ar- 
rangements were  made  for  an  exchange  of  engineers  between  the  United  States 
and  the  USSR.  Nine  U.S.  engineers  headed  by  F.  0.  Turner,  Assistant  Federal 
Highway  Administrator  and  Chief  Engineer  of  the  Bureau  of  Public  Roads, 
visited  Russia  in  September  1961.  In  return,  a  team  of  10  USSR  engineers  toured 
the  United  States  in  October  1961,  visiting  the  Bureau  of  Public  Roads  and  high- 
way construction  projects  in  10  States. 
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Table  19. — Mileage  of  highway  construction  in  national  monuments,  parks, 
and  parkways,  under  direct  supervision  of  the  Bureau  of  Public  Roads  dur- 
ing fiscal  year  1962 


Monument,  park,  or  parkway  (and  State) 


Completed 

during  fiscal 

year 


Under  con- 
struction as  of 
June  30,  1962 


Monuments: 

Capitol  Reef  (Utah) 

Dinosaur  (Utah-Colo.). 


Parks: 

Acadia  (Maine) 

Bryce  Canyon  (Utah) 

Carlsbad  Caverns  (N.  Mex.). 
Crater  Lake  (Oreg.) 


Glacier  (Mont.) 

Grand  Canyon  (Ariz.) 

Grand  Teton  (Wyo.) 

Great  Smoky  Moimtains  (N.C.-Tenn.). 


Hawaii  (Hawaii) 

Mammoth  Cave  (Ky.).. 
Mt.  McKinley  (Alaska). 
Mt.  Rainier  (Wash.) 


Olympic  (Wash.) 

Petersburg  Military  (Va.) 

Sequoia-Kings  Canyon  (Calif.). 
Shenandoah  (Va.) 


Theodore  Roosevelt  Memorial  (N.  Dak.). 

Vicksburg  Military  (Miss.) 

Yellowstone  (Wyo.) 

Yosemite  (Calif.) 


Parkways: 

Blue  Ridge  (Va.-N.C). 

Colonial  (Va.) 

Foothills  (Term.) 


George  Washington  Memorial  (Md.-Va.). 

Natchez  Trace  (Ala.-Miss.-Tenn.) 

Rock  Creek  and  Potomac  (D.C.) 


4.8 
6.3 


22.7 
7.2 


4.8 


22.2 
3.9 


6.3 


15.9 
.4 

6.9 


Total. 


5.1 
20.1 


15.9 


3.3 

42.4 


5.7 
14.8 


12.6 

20.6 

28.0 

1.0 

12.2 


14.7 
12.8 
9.0 


4.2 

22.3 

3.7 


84.1 

.1 

3.9 

9.2 

47.6 

.7 
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Table  18. — Mileage  of  the  national  forest  highway  system,  by  forest  road  classj 
and  by  State,  as  of  June  30,  1962 


•  Forest  roads  which  are  on  the  Federal-aid  primary  system. 

2  Forest  roads  which  are  on  the  Federal-aid  secondary  system. 

3  Other  forest  highways. 


For  economy  of  space,  table  19  is  placed  on  page  83. 
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Region  and  State  or  Territory 

Total 

Class  1  1 

Class  2  2 

Class  3  3 

West: 

Alaska 

566.5 
1,051.7 
2, 536.  7 
1, 489. 0 

1, 229. 3 

1,215.1 

369.5 

644.4 

1, 473.  5 
296.6 
732.1 
766.8 
562.4 

139.6 

327.5 

1, 065.  7 

572.9 

659.6 
678.3 
154.7 
131.2 

681.5 
184.5 
224.2 
480.5 
344.4 

254.5 
653.0 
913.3 
544.1 

452.7 
257.4 
190.3 
433.8 

729.3 
101.1 
270.8 
238.4 
135.5 

172.4 

Arizona _-_ 

71.2 

California 

Colorado 

557.7 
372.0 

Idaho         __.        _              

117.0 

279.4 

Nevada . 

24.5 

New  Mexico.. 

79.4 

Oregon ...  ... 

62.7 

South  Dakota 

11.0 

Utah 

237.1 

Washington 

Wyoming 

47.9 
82.5 

12, 933. 6 

5, 644.  6 

5, 174.  2 

2,114.8 

East: 

Alabama    ..    .    _. 

374.4 
655.6 
288.0 
380.4 

306.2 
101.2 
20.0 
354.9 

421.7 

14.0 

1, 166. 0 

704.0 

578.9 

1,053.6 

23.5 

159.3 

834.1 

131.6 

81.8 

353.9 

776.7 
570.0 
362.8 
111.5 

1, 407. 2 
494.3 
467.5 
42.5 

82.3 
96.1 
32.7 
168.5 

241.3 
53.6 
11.3 

131.1 

87.3 

276.8 
559.5 
254.8 
186.2 

45.7 

47.6 

8.3 

214.7 

186.1 

15.3 

Florida 

.5 

Georgia                                                         .  . 

25.7 

Illinois ...  

19.2 

Indiana 

0.4 

Kentucky .  . .  

9.1 

Louisiana       .                        .            ... 

148.3 

Maine      .... .  .  .  .  

14.0 

590.4 
311.8 

323.9 
370.7 

557.8 
365.4 

255.0 

676.7 

23.5 

41.0 

569.9 
51.7 
36.7 
85.9 

487.5 

344.4 

214.5 

57.8 

926.5 

375.2 

391.8 

42.5 

17.8 

Minnesota 

26.8 

Mississippi 

Missouri 

6.2 

Nebraska 

New  Hampshire 

61.9 

217.6 
70.4 
45.1 

118.4 

221.5 
169.2 
128.3 
30.5 

378.4 
78.3 
75.7 

56.4 

North  Carolina 

46.6 

Ohio.      - 

9.5 

Oklahoma 

Pennsylvania. 

149.6 

South  Carolina 

67.7 

Tennessee .-. 

56.4 

Texas 

20.0 

Vermont 

23.2 

Virginia                  .                           .             . 

102.3 

West  Virginia. .    . 

40.8 

Wisconsin 

Total 

12,235.6 

4,096.3 

7,283.5 

855.8 

Grand  total.                                          .           

25, 169. 2 

9, 740.  9 

12. 457.  7 

2, 970. 6 
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